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FOREWORD

Freeze dried foods are very susc.eptible to oxidative deterioration

during utcrage. It is generally accepted in the industry that such products

should be packaged with an inert gas such as nitrogen with two percent or

less oxygen in the headspaze gas. However, the two percent is an empirical

limitation which may be tighter (and thus more expensive) than necessary.

Tn addition, it has been suggested that the mcisture level limitations in

the products are tighter than necepary fox satisfactory keeping qualities.

The vcrk covered in this report, performed by the Whirlpool Corporation

under, Ccntract No. DA19-129-ANC-131(N), 'is designed to obtain acceptance

data after storage on four typical products prepared at two moisture levels

and packaged at three oxygen levels. Dr. Norman G. Roth was the Official

Investigator.
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Reported are the procedures and results of a six-months storage

stability study conducted with precooked beef, chicken, errotse and

spinach which had been freese-drled to 2 and 4 residual moisture leve!

and stored undir 2, 4, and 20% oxyen atmosphere at 10001. Exposure to

orygen us the primary cause of product deterioration. The effect of

residual moisture level and length of storage on quality attributes was

product dependent.
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SUHKARY

The quality of pracooked, freeze-dehydrated beef, chicken, carrots, and

spinach deterioxates rapidly it. aiv'erve btorage ervironments. The type

and exteat of ret*:i at.I r'eaction are dapendert to a greater or lesser

degree or. e£ah of the study va'bia•les: resiiual moietre level, headspace

oxygen corar•.eiatn arid &•ration z± atozag- &I. ele\iated temperature. The

specific bicchemi•.al and biophysicas prentie of ea*:h food determine its

ability to t,:,lezae some "a~taflo.. it. tae erir:rntal factors without

se:-io-.s in *i:n-ae-t o.• qal1t' a':ikt:e.

Expc*L• to oxyger appaas•te t-ý: the mcit significant factor in degradation

of przducts *torTed at e*e';attd temperature. Since freeze-dried foods are

ext•emely po~ous, rather laxge surface areas are exposed to whatever atmos-

phere szrriunds them. Conse;uently, volume and composition of the container

headspace atmosphere determine the extent of exposure of the product during

storage. Container headspaca used in this investigation varied from 70 to

90% of the total volume of the container. This substantial volume coupled

with the large surface area of the dried food products provided an appre-

cioble ex*psure of these products to even moderately low oxygen partial

pressuzes de-ring storage. Thus, oxidation could proceed at a rapid rate

unhampered by penetration barriers and the total damaging effect would be

nominlal within the limits of available oxygen.

Another Tor•e for oxidati•v damage of freese-dried products is exposure to

air duixing the interval between removal of the product from the freeze-

drier and sealing in the packasgin con.tainer. Molecular oxygen is rapidly

and tightly f, our. by these proa•z;t ani dtsctbed. slowly, or perhaps not

at all, 4;irg st-ýrage. This ý. otoyge7. could accou'•t for an appreciable
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amount of oxidative damage during the storage period. Further, during this

investigation there were indications that the rate of oxidation of some

components, when exposed to air, was sufficiently rapid to overshadow the

effects of low oxygen concentrations is' the storage atmosphere. However,

the test conditions used for this study were such that the relative effects

of pre-packaging air exposure and storage atmosphere could not be differentiai.,

Analysis of headspace atmoephere within a short time after completion of the

packaging operation documents the use of pre-purified nitrogen in the packag --

operation. However, in view of the foregoing, this determination may not

indicate exposure of a product to air oxidation during the packaging operation.

With this in mind, there are several area" in the packaging operation which

might bear close scrutiny: the interval between termination of the dehydration

cycle and completion of the packaging operation and a precise definition of

condi'ions adequate to protect the product from oxygen and moisture during

this interval. These conditions do not appear to be specified in product

descriptions. A maximum interval of eight hours between release of the

vacuum of the freese-drier and completion, of the packaging operation is

indicated for chicken. The intervals are not specified for the other

products.

Although deteriorative changes are apparent, packaging under a 2% oxygen

atmosphere after limited exposure to atmospheric oxygen did not degrade the

products to the point of terminating storage. These conditions afford

adequate stability for six months at 1000°.
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INTkODUCTION

The periect preservatior of foodstuffs requ'res control of the entire process-

ing operation. Each phase of the processing operation trom selection of raw

product through conditiota cf final storage must be con.-.idered. There are

ir,ntunerable variables withtn each phase of the piocessing operaticr which may

affect prodi.ct cuallty significar.tly.

Th.as problems assoziated with the freeze-Jehydration of focdJtffs may stem

from a r,'br-, of sources: vari•t.y or breed; cultural or nutritional factors;

.aturi:y at harvest or alai:ghcer: metbol of harvest or slaughter; post-

har-est or -slaugbter handling; p::eliminary heating, cooling, freezing, or

ttker: treatments; dehydration cycle; mann~er of packaging; and storage

tempera:ure.

Each of the various steps in the processing operation can be of critical

importan:e either in itself or by virtue of its effect on the other aspects

of p-ozessing. Accordingly, qualit7 attributes are subject to change during

storage at rates dependent on the natcre of the raw product, the methods of

h•ndling and processing, an4 storage environment.

it is the influince of the attar on food quality attributes which is of

particular concern. Foods re complex biological systems and, therefore,

are L•herently unstable and sen#itive to exposure to adverse storage environ-

metE.

Storage stability is an extremely acute problem in military supply. The end

point of useful stoage life must be determined under realistic conditions.

In genezai, F.ability fcr a 6 month period at 100OF is required for military

raticr,,.



Det.-t-riative -ea.tions, whether cxi$&ttv,,e or non-oxidative, are accelerated

t-y Vgh tempe;at&=e storage. Oth,; than temperature, storage environment

is a furctior of at-ospt.ere oz oxyger. content of the headspace of the s'ore-

cortainer and the Tesidial mnO-sur e. znten: oT, more appropriately, the

eqI~..ibri.= rela_:i%* huntdity of tt1ý* 6EAy-Irated 1protct.c

Th.ý effect of these l..-i.:ernral '.z-im..s 1 as beer, studied. However,

r.eit•tr 3p-iuv&a rcr tolera,¢ce le-e-'a hsv-.e 4:. -,et been determined. In parti-

cela- , the r r,.s it de-:pi,•:eartf F esses and rates at low levels of

v.:- ccn.'e~:,:tior, •Ad maoi;za aoTrte•t. ba-.e not beer, adequately investi-

ga-e-. M-cst intestigations have cor•ct.:.ated orz the storage characteristic-

Of: -aw meatsk. The st:,:age. itability c-- pre-cooked, freeze -dehydrated product

has zecaived lzt:le ar.ten:ion. Therefore, this investigation was undertaken

t, identify the leva1 of oxyger. ncncentraticn in the headepace of the stor-

age container which 's assoziated with a s•gnificant change in quality and

to determine whether ,oisture content contrib'utes. appreoiably to this chan&e

in quality in four ba'ic cowmdities: pte-cooked, freeze-dehydrated beef,

chicker, carrots and spinach.
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I. Uggirment ani S-caae

As indicated, the .. *%. uattr'•l is the f'rtt liLitirg factor. Both plant and

animal materials ar• bit gi:al and ither.aly ,-sriable. Thus the qality of

the raw materials afacZ:3 the h -.:aItj c• the .r~shly J,:hydrited pro-icc and

3ay determire its &to:.e liMe. Siiary, :be phvsi-L :. chemical changes

or food preparatior. :e:hi•u• afftat thl q-alt.c of tott. the freshly process-

ed and stored 4ebyi!ra:eJ pr,:4*:ts.

Ack rd-.r gly, a m a tf rxecaion w-e exercised in order to render valid-

Liy to the exprl aL:al da.ign ir a study c€.fl.ned to a relativcly small

uider of sples. The ezpetriues ewe designed to conctrl or standardize all

varl.ables except those i er dstu4. ach of the cvofodties was purchased

fally prepared for treeaez-•desyba **cording to che applLcable mi~lIaxy

limited production a&-d interim purchase descriptions. This measure assured

complianoe with comer-Lal productlsa practices. In addition, purchase orders

specified a single prcdu*t lot In orde to minimize withie-staple variations

caused by reaterial vaiables. ftrtarmrsT, each product was processed

for freesoe-dddration in a single prodaction lot in order to restrict

variables in e*ch phase of the preparation operation vbz.ch sight affect

product quality significantly. 2hs following Zable details pertinent

information for the vegetables.
Maturity

Purchase Planting EarvestiLng
Product Desrition Rp St.I Variam Location of Field Date_ Date

Carrots C-170-61 UI 5 tperacor Luther Pruic Ranch 10-10-63 4-6-64
CS-5-1 (freezing) Indio, California

Spinach C-208-63 ?9 1 99 One ail& South of 9-16-63 11-26-63
Crow'ls Lading,
California
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The raw mnterials and preparation for poultry and beef products conformed

to Clasa I product described in Interim Purchase Description CS-5-1 and to

Type 1, Style I product described i.n Limited Production Purchase Description

C-190-62, respectively. All beef cuts were obtained from a single carcass.

-Liquid carbon dioxide freezing technique at -loSF was employed in the

preparation of the precooked chicken. Reportedly this procedure does not

affect product quality significantly. However, it is understood that the

poultry processing industry is undertaking studies of the relationship of

freezing technique to product quality.

Products were transported in the frozen state and stored prior to freeze-

de..vdration at -10°P. Portions of each product lot were randomly selected

for the various drier loads.

II.- kk.udSM
All food products were freese-dehydrated is a Ampp Industries Model 11-40

Sublimator. DSryig procedures ueed for beef conformed to Limited Production

Purchose Deaeripetse, C-190-62, eef, coeked, sliced, dehydrated, dated

27 August 196I. Oryimg procedure wsed flo esbkee conformed to Interim

Purchase Descriptles CS-5-1 Chicken Pieces, precooked, dehydrated, dated

15 Hay 1961. Beeat we applied to the dryer trays by direct platten contact.

Drying procedures for carrots and spinach employed radiant heat and sublim-

ation was carried out within the pressure rasne of 0.5 to 1.5 Torr. Platten

and radiant panel temperatures were maintained below 149°F throughout the

sublimation process.

Upon completLon of drying, the chamber vacuum was broken with certified pre-

purified nitrogen. Lids were automatically sealed onto trays containing

control product lots before the drying chamber was opened. These trays were
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isiediately transeArred to a #love box flushed with certified prepurified

nitrogen.

III. Packaaina and Storame

Each drier load or moistvire treatment lot of the test products was thoroughly

uijXed-snd-X-wZdomlyA4* dsrjb4ibtd aong th storage ezrntainers.-A standard--

amount of each product was weighed irto Mc. 24 (40i x 411) cans coated with

tin plate. Product was fairly tightly packed into the cans without causing

excessive dagea to the physi:.& iztegricy of the product. The fellowing

table indicates the wei ti oi cltz ,ati in this investigation.

Wetcf.t o! Frodict Per dcu.age Cou&inaer, Grams

Prdu2 telght

ftuakea 175

Carrots 40

spinach 30

After a o bour exposure to , tspheria onylen, lids were seled with a

conventional can sealer and punctured for evacuation and flushing. The

storage containers were rodosly divided into groups for storage under the

various headspace awospheres.

The partial pressures of oxygen in the headspace of the containers were

11-15 m HS., 26"30 = MS., and approximately 150 1Va. for convenience,

these packaging conditions are described as 2, 4, and 20 percent oxygen

atmospheres throughout this report.
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Samplee stored under the highest headepace oxygen coecentration were packad

in air. Certified oxygen-nitrogen mixtures provlded the required storme

atmospheres for products stored under lower partial pressures of oxygen.

Storage containers were evacuated and flushed vepetitively to assure the

specified initial storage atmospheres. Conning equipment produced a vacuum

-- - -thU-�17rd�uri•n evacuation. Final sealing was accomplished

with solder.

Control or reference saples were packaged in a similar manner. Iiowver,

these products were packaged without exposure to atmospheric oxygen in a

glove box with an atmosphere of certified, prepurified nitrogen.

Test saples were stored at 100.4 t. L.8 and control saples at -10°F.

Units wre randomly selected for withdrawal from storage at monthly

incerve2s.

IV . a m-- - 1 -- . 3--- -- 1i ' -'

All aalyses Med s Uwe performed in dupklLeate.

Chemical 2aalyes were pertfind co establish the adequacy of processing

it regard to degree of dehydration.

Pepresesative samples from each drier load of dehydrated meats

were analysed for crade fat content using petroleum ether as the

solvont according to the method of analysis of the Association

of Official Agricultural Chemists. Mean values for these deter-

utnations are listed in Table 1.



Page 9

TABLE I

Fat Coatent, Percent

Test Smles Control Sile8

Product Loc I Lot 2 Lot 3 Lot 4

Deef 15.93 26.96 17.40 10.55

Chicken 12.30 11.96 13.13 12.63

2. Residual Yisture Cnteut

Repreweutive portions of the product from each drier load ure

analysed for residual moisture content. Residual uoesture omtent

we dstomiaed by beth the Karl Fischer titration neotod and the

ropriate owen technique specified by the Association of

Official Agricultural Chemists. 2be Karl Fischer method wa used

as an A &di"e Iadication f the ed point of the ds04asism

cycle. asme eramy of Wti method ia estimating moisre content

me them vwUied by the etAnderd d'ddI of aalyoie of dhe

esoeietfatt of Oafitial &rielteral Ght". fighed saples of

dft iste d am mre head in m- sit dlyiq 0 at W 215.60F

for 24 bouts. ilghed samples of dehyrated veetables ues

heated for 16 hours in vaue at 140F.

2he average residual moistue contemt reported in Table It ar

based oe values obtained using oven mehods of malysis. She

moisture contents of mat products wer also calculated on a far&

tree basis. For convenience, the lover residual moisture content

is toemed 21 a&-d the higher 41 in the discussion, tables, and

figures throughout this report.
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Residual Moisture Contet.• Percent

Product Toet Smles Control 30*lee

Lot 1 (12) Lot 2 (4) Lot 3 (2f) Lot 4 (2
Fat Wlee F ree ' at Free - ,t

Moisture Moisture moisture moisture Holiture Moisture Moisture No,

Beef 1.34 1.59 2.99 4.09 0.36 0.44 1 1

Chicken 1.47 1.68 3.42 3.89 0.39 0.45 0.42 0

Carrots 1.64 4.65 1.46 L

Spinach 1.83 4.93 1.10 ,

• Only one lot of control product was processed.

3. HAdanace Gs --fai

Just prior to opening cans of stored products for sensory testing,

the headepace gas to each can we analysed for pressure, oxygen

content amd eiube dioxide content. Soaples yore taken and pressurs

were deteed with a Deedmm seadepece $mpler. Oxygen and carb.

diomide contme of dhe beedepoe gas wee determined by standard

Greet: proeedzes.

4. 5tal Mdtesrsttmn

Ability of too dried products to absorb water was determined within

20 minutes of opening the drsier and within 10 minutes of opening

the cans of product prior to sensory evaluations. Mixed homogeneous

I S. samples of product were selected and accurately weighed.

Sapltea were transferred to gloss storage dishes and imersed in

an excess of water at 176 - 179.6°F for 10 minutes. Following
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immersion, samples were drained for 5 minutes and carefully re-

weighed. Total water &esorptioa was determined from the gain in

weight after immeruion.

5. Water Binding Capacity

A vyeaity of methods have been employed for determination of water

binding capacity of food products. These include sedlmentation,

centrifugation, filtration .,d pressing. Most of these methods

were developed for analysis of meats. There appears to be a

paucity of information in th.e literature on determining water

binding capacity of vegetables.

Pressing appears to be the method of choice of most authors. How-

ever, there is little if any agreement among them as to the best

method. Data have been obtained from samples ranging from pieces

to homosemstes. Pressures applied range from 250 psig to over

10,000 pael; however, it is seldom clear whether these values refer

to ram pressures on the press or to the actual pressure applied

to the sample. Therefere, it is difficult to determine Just what

force was applied to obtain the results stated.

The press method was selected for determination of the water hold-

ing capacity of foods used on this project. A water expression

die set was constructed of stainless steel. This device consisted

of a 1.5 inch inside diameter sleeve into which two pistons or

rams were placed one above the other. The top ram was solid metal

with an "IV rin.g seal to prevett leakage. Tla bottom ram was also
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fitted with an "01" ring seal, but this ram was hollow and a 1/32

inch hole was bored through the center of the ram hiad. This hole

allowed expression of water from the food sample. A heavy woven

stainless steel screen was placed on top of the bottom ram and a

die cut disc of #41h Whatman filter paper was placed on the wire

screen. The screen and filter allowed free passage of water but

prevented extrusion of the food sample through hole in the botto-_

ram.

Food pr'duct ý!. mples for determination of water holding capacity

were prepared by inmersion in 176 to 179.6 F water as described

under procedure for determination of total water absorption. Draiva

samples were transferred to the water expression die pre-pared as

described above, a second disc of Whatman #41h filter paper was

placed on top of the sample and the top ram wa lowered into the

sleeve. The assembled die and sample were placed into a Wabash

hydraulic press model 12-10 and the unbound water was expressed

under pressure. Beef and chicken samples were subjected to a

force of 6,100 pounds or a pressure of 3446 psi on the ample

within the 1.5 inch diameter die. Vegetable samples were ext ided

through the die at this force; consequently, they were subjected

to a force of 1,500 pounds or 847 psi on the sample within the 1.5 V.

inch diameter die. Force was applied for one minute then released

and the pressed samples wete removed and weighed. The amount of

unbound water was calculated as the difference between wet weight

and pressed weight of the sample.

ANOW_•mp m&Mlm8
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6. Headspace Volume

Headspace gas volume of the canned products was determined by tclo

methods. During analysis of the headspace gas for oxygen and carbon

dioxide content, headspace volume was calculated from observations

of the can pressure prior to sampling, sample volume, can pressure

after sampling and barometric pressure. Volume results obtained

by this differential gas pressure method were verified by a liquid

displacement method. This method involved displacement of head-

space gas with a measured volume of ethyl alcohol. Results of both

methods agreed very well. Results obtained were n'?arly identical

for all cans of a given product. Headspace volumes for each product

were as follows:
% Volume

Headspace Of Storage
Volume, M1, Container

Beef 700 81.2

Chicken 600 69.6

Carrots 735 85.3

Spinach 776 90.0

Empty Container 862

V. SENSORY EVALUATION

A. Facilities

Environment influences the precision of judgments. The detection of

differences in food qualities requires conditions conducive to con-

centration. Samples were judged in a quiet area, free of interruptions

and distractions. Distraction was further reduced by use of a comfort-

able, air conditioned area.
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The use of individual booths in the test area ivoided collaboration

or subtle influence of facial expressions of the other panel members,

assuring individual response.

Where color judgments w& not required or where appearance might in-

fluence judgment of the other attributes, products were judged under

lighting which masked any color differences. Conventional lighting

was employed only for the evaluation of the color of the vegetables.

B. Method

A milIciple sample test was selected in order to compare product quali-

ties resulting from the various treatments to those of the control or

reference sample. A scalar difference from control test was used to

determiae the extent and direction of difference. The rating form is

shown in the Appendix.

Testing was limited to four coded samples and the identified control

or reference sample. The identified control was re-introduced int'.

each experiment or included as a coded sample in order to document

the extent of bias and provide a uniform base for analysis of scores.

Presentation orders and coding were completely randomized among the

four comnodities.

C. Judges

Those individuals most capable of recognizing differences in quality

attributes were selected as panelists for each of the four comnodities.

Selection procedures are detailed in the Appendix.



D. Sample Preparation

tiny variation in preparation technique influences judgment significantly.

For this reason, a standard method of preparation was employed for each

product.

A weighed amount of each commodity was reconstituted in a speific volume

of water at 176 to 179.6 0 F. Samples were prepared without any seasoning.

The reconstitut..on period was held constant for each commodity. Table I

details recorstitutiont specifications.

TABLE I

'ample Reconstitution Reconstitution

Product Sample Wt., Gm. Water z. Time, Minutes

Beef Test 72.0 8 10

Control 144.0 16 10

Chicken Test 84.5 12 12
Control 169.0 24 12

Carrots Test 19.0 11 10

Control 38.0 22 10

Spinach Test 14.0 9 10
Control 28.0 18 10

During the reconstitution period, samples were protected from heat loss.

In addition, reconstitution vessels were set in insulating jackets for

sample service.

Forcelain crucibles were selected as service vessels. Odorless and

tasteless, these vessels did not impart foreign characteristics to the

samples. Flavor chara•.eristics of a hot food may be markedly differ-

ent if foods are allowed to cool. Accordingly, samples were served in

crucibles which had been heated to the specified reconstitution temper-
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ature. Preliminary trials indicated that a temperature of approximately

1400F prevailed during evaluation cf flavor, texture, and juiciness.

Each cruJible was filled to es3entially the same level for service.

During servtce of the beef samples, the various cuts were distributed

among the sample vessels. Similarly, essentially the same amoupt of

light and dark chicken meat were placed in each crucible. Individual

slices of carrot varied considerably in extent of fading on exposure

to oxygen; representative portions of the test samples were presented

to each panelist. Spinach was the most homogenous test product -And

presented no service problems.

For service, cruciLles were covered with heated watch glass covers. This

measure facilitated aroma judgment by controlling diffusion of volatile

components.

Using these procedures, samples were uniform as possible in dll respevcts

except those to be evaluated.

K. Schedule

To ascertain that the samples were easentially the same at zero-time,

each drier load was evaluated at the termination of the proccesiag cycle.

Test samples were withdrawn from storage and evaluated at monthly inter-

vals based on processing date.

VI. STATIST:CAL ANALYSES

Ai1 data relating to sensory and rehydration characteristics of the

samples stored at elevated temperature were tested for significance by



'ild 1vsis of var iauze i,:ording t.) tne method oitlined by Snedecor (1956).

VaiLes were testea at the .05 dnd .01 leels of probability.

The mathematicol model assumed I-sre is:

V ~ - a - ' Y + 0 + 7 + MO. + 0- +MOT + e.eijkl "I i k + j j ik ijkl

Whereflw, is 7he t.re average valke over the whole experiment,

M, represcnts the trr.e differential effect of the ith

level of moibcure.

0 represen:s the true differential effect of the J

level of oxygen, etc.

For purposes of calculat.ng the F-ratios, it was assumed th-at moisture,

oxygen Atid storage time were all fixed factors.

Since no true error term was available foom this experiment, it was

assumed that the three-factor interaction would have very little, If any,

effect, and that its mean square could be used as the error term.

Where analysis of variance indicated that the storage atmosphere was

a significant factor, the Duncan multiple range test for differences

between means was performed to identify the level of headspace oxygen

concentration associated with change in quality during storage. Values

were tested at the .01 and .005 levels of probability.

A 2-tail t-test was used to determine whether residual moisture content

affected oxygen dbsorption during storage. Values were tested at the

..) ard .01 and .001 levels oi probabilitty.
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The lit.ear and quadratic relationship of ratings of sensory qualities

was tested statistically ald usudily proved valid in adequately present-

ing the data. The degree of certainty with which each regression line

represents the correlation for each sample over the entire storige

period was calculated. rhis correlation is tabulated for each sample

in the description accompanying each graph.
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BESY AN~D DISCJSSION

.- SF

%c teacUt.s W.:Lll C-I' cause loss ef q-;al.•ty duritig storage of freeze-dehydrat-

ed beef iinciude browrir.g rea•:tior, oxtdation by molec'ular oxygen, protein

aenaturd.io., Ltzyu1e reacl.ions, and oi-crobial spoilage.

Deý%%*dr~itio- to low rdo1 o_-s:.re ..vels pre•!udes deterioration ir(&d wiicru,-

bial s.3o'lage during itor-ge. While enzymes are gererally destroyed by prelim-

inary hea: trz;Zmen., res.dual en.v-,es ahave been isolated in precooked foods

(O)1¢o:t, 11462-. .OwEv~r Eri.yma:.c dev:eriorati-zr dppears to be relatively un-

.mortar.n. In de!ydra.ed pr-.ducts wi:h low residual mcisture contents. Accord-

.ngly, a combi.rnaion of bar.h :ookling pretreatment and adequate dehydration

ahould prevent enzymatic deterioration during storage.

Th.ý-s nor-enzy-atic chemical reactiLons are indicated as the primary causes of

dta•.ioracion. While these reactions may be conveniently classified as oxi-

adtive and non-oxidative (Tapp*l, 1956), the reactions are complex and inter-

dependent (Tappel, 1955).

Py virtue of the pozous structure, freeze-dried foods expose a large surface

area. Products are therefore capable of reacting chemically with large amounts

of o: gen. Based on an investigation of the mechanism of oxidative deterior-

a:ion in row, freeze-dried beef, oxidation of ether soluble lipid.; is a minor

factor. This fraction is responsible for approximately 10% of the total

oxygen absorbed. More importantly, the oxidation of non-ether soloble conju-

gated lip'.ds such as phospholipids and lipoproteins can acc<,i:at for 42 to 57%

of the absorbed oxygen. The oxidation of non-lipid compo nt3 was also clearly

,mplicatee i.- this study of oxidative deterioration (Tappel, 1956). The

Investigation ot Chlpaclt, et a: (1961), on the other hand, indicated that
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lipid oxidation predominates and that non-fat components of precooked, freeze

dehydrated beef do not absorb significant amounts of oxygen.

This apparent discrepancy reflects dif!erences in the state of the protein

ir, raw aiid cooked beef. The ability of hemoglobin and myoglobin to combine

reversibly with oxygen depends on the specific protein link-Ag with native

globin. Accordingly, denaturation of the globin destroys the dbility of thesv

pigments to complex or react reversibly with large amounts of oxygen. Con-

versely, denaturation greatly increases the susceptibility of these pigments

to true oxidation (Watts, 19-4). Susceptible as these pigments are after

denaturation, it appears that there is sufficient time lapse for this oxi-

dation during subsequent phases of the processing cycle, i.e., prior to

dehydration.

Reaction of oxygen with neutral lipids, particularly the unsaturated fatty

Acids, causes rancidity. Unsaturated, conjugated lipids oxidize much more

rapidly and contribute stale, putrid odors and flavors. The final oxidatioG

products of unsaturated fats are primarily carbonyl compounds.

The principal non-oxidative deteriorative mechanism is the Maillard or brown-

ing reaction (Regier and Tappel, 1956A). Free amino groups of proteins atid

amino acids react with carbonyl groups of naturally occurring reducing sugars,

glucose. mannose, and fructose, and their esters and with the aldehydes and

other carbonyl compounds which are formed by decomposition of labile hydro-

peroxides, the first stable reaction product of fat oxidation.

Since concentrdtio" of carbonyl compounds is one of the limitiag factors in

browning (Regier and Tappel, 1956B), concurrent unsaturated fat oxidation
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catalyzes browning through ptod-, cti~n of carbonyl compounds which are avail-

able for secondary browning react-.ons (rappel, 1955). Thus oxidative deter-

ioration is indirectly co:pled with active carbonyl-amine reactions ald can

account fox the relti~onship between oxygen absorption and general deterior-

ioration of freeze-dried beef.

In addition to concentrattan of carbonyl compounds, b:ownirg reaction is

regulated by the presence of _nhibiors as well as by ph, storage temperacure,

and io;o:sture conterr !,Reg!er and Tappei, 19563) Accordling to Salwin (1963),

moisture .in exc 3ss of the monolayer xeoresents free water and promotes brown-

:ng reaction.

Browni'g rcantion iz character!.ed by the development of colorless inter-

mediaze c.-zoiourid whiuch react reversibly. Further reaction of these compounds

yields yellow cr brown polymeric products. Characteristic color changes are

acc'impanied by changes in flavor and aroma. These alterations are attributed

to the reaction of carbonyl compounds with low molecular weight amines rather

than with proteins. In the early stages. browning reaction may improve palat-

ability of precooked, freeze-dehydrated beef through the development of beef

extract and roast flavors. However, in the later stages of storage, there is

complete loss of acceptability brought about by scorched, bitter flavors

%Qlc:tt, 1962).

The proteins of cooked meots are considered "denatured". Therefore, sub-

sequent changes resulting from storage might be considered relatively un-

important. However, dried meats do change in textire during storage at

rates dependent on the temperature of storage and residual moisture conLent.
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Browning reaction causes insolubility of protein through introduction of

inte.-protein bonds. however, other cross linking mechanisms may be as

important as those associated with browning since toughening can occur with-

out any evidence of browning reaction (Connell, 1962).

RESLML"S

Oyyier. Absirptior'

As indicated in Table I, the absirption of oxygen from the headspace of the

storage contai.ner by precooked, freeze-dehydrated beef was essentially the

same at the two residual moistu.re lveis. At the 2 and 4% levels of initial

oxygen concentration, all of the oxygen had been absorbed during the first

month of storage. In these cases, oxygen uptake or oxidation was a function

of available oxygen.

;Jnsatu:a:ed fat oxidation general!y increases with decreasing moisture concen

(Tappal, 1956). However. according to Groschner, et al (1959), oxidative

processes require moisture and are inhibited if residual motsture content

approximates 1 to 2%. Consequently, the differences in absorption of oxygen

by the dry material stored in 20 oxygen atmospheres were examined. Analysis

confirmed that no difference existed in amounts of oxygen absorbed at the two

mo.sture levels. There was an increase in the amount absorbed by the product

until the supply of oxygen was exhausted. As indicated, the rate of

absorption decreased with time.

The absorption of oxygen during storage in this study is in sharp contrast to

the desorption of oxygen noted in a storage study of raw and precooked,

freeze.-dehydrated beef (rhompson, et al, 1962). The effect of various trans-

fers of product in air i.n that st,'dy as opposed to exposure of product to
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atmospherl.c oxygen for a one hou: period in this investigation cannot be

judgel. However, It appedrs :hat variation in other cechniqjes could account

for di.ffe'eces in the headspacr oxygen concencration. ihere are two ro-

cedu.res whtch irust be considerei. 1he •rst of these is the release of

vacuum in the freeze--.fer with dry air rather than nitrogen in Thompson's

study. Because of che porozs *tscture of the product, ;he _xst ga to

cotitact the s-rfaces i- probily atsc.rbed to the greatest extent. According

to '2c'"t (1962.,, exFoe:re to air or oxygen should b= avoided since, after

such expusure, absorbed oxvgen is difftculc to remove from the product. Data

prezented in the two heaespce azmospheze studies by Thompson, et al (1962)

tnd;.cace that absorted oxyger ..s desorted very slowly during storage. The

second area of corcern is failu!e to evacuate and flush the storage container

repeti:ive y prtor to sealing and storage. However, as indicaced above, if

the vacuurn of the freeze-d:er -as zeleised with air, the rate of release of

oxygen may negate the effectiveness of any flushing technique. Reportedly,

sorye exposire to air can be tolerated If the vacuum of the freeze-drier is

releasbed with nitrogen.

To suawar'ize these coments, it is generally agreed that releasing the vacuum

of the f:eeae-drie'? with nicrogen and repetitve evacuation and nitrogen

flushing of the container during sealing operations are required for stability.

Powever, the relative imporLance of these procedures, particularly in regard

to the extent of repe:titive evacuation and nitrogen flushing during sealing

operptions and the effectiveness of such procedures under various conditions

of operazior ,does n)t appeir ýo be documented.

-1 - ---- a---.. -
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Carbon Dioxide Production

Carbon dioxide production curing storage oa beef in this investigation is

shown in :able IL. Caron dioxide production by samples stored under the

lower oxygen partial pressures was erratic. While there was irregularity I

production by samples stored .n 20% oxygen atmospheres, there was a treno

toward increased production with increasing storzc time. Sibstantially

greater amounts of carbon dioxide werE detected in the 20X oxygen headspare

atmosFheres of samples pracessed to the 4% resiceual moisture level. Sharp

(1958), in detailing an Investigation of browning reaction in fteeze-dried.

precocked pork stored in n~ltrogcn, ý.so noted production of carbon dioxide

According to the review of browning reactions in model systems compiled by

Hodge (1953). carbon dioxide mr" be produced during browning in a number '.f

reactions. Known possible soirces include-

1. The carboxyl group of the alpha amino acids.

2. The marboxyl groups of amines and amino acids other than alpha

3. The alpha carbon sugar radical in sugar-mine reactions that occur

in :he presence of oxygen via oxidative fission of Amora-dI ce-

arrangement products.

Quality Attrbitaes

All. samples decreased in acceptability with increasing time of storage at

elevated temperat.re. Acceptabilltý ratings tend to parallel those for

aroma and flavor. Changes in these characceristics during storage are

shown in Figsires 1 2, and 3.

Panc~d coors and flavors were not petce!ved urrtl the mid-point of the stor.

age perlod. '!hese ,:haracterlstics were first detected in the 4% residual
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mo~s:uie saipaes stoced vnde: ?0 oxygen ata.osphere. An indzction pe-'.od

d;rng which there i wlnim! a'sorp'ion of oxygen and l±ttle detectable

change in pzodic:; qvaiLe• : •ypical of autoxidative reactiors involving

n=:raL 14pids. '.n conr:ras•, acze:s~ics of active. carbonyl-anine brown-

irg were readily a;paren•. •oth of the~e reazclons proceeded more rapidly

in samples 6corei in .O'0 oxygen atrnoscheres. Becaukse of :Ee variation in

razes of these reac Lons and because the development of bouillon and roast

q-.?.ities •4htend tc mask ran *,•iy, browning reaction appeared to be

the maiLn deterlora:ive rEacticn dur:.rng s:orage.

Ratings of tey-jre and juiciness did noc follow the same pattern. Although

9 downward trend is evident. the re]a:ionship between these attributes and

storage varialAes canno) *e defined with confidence (Figures 4 and 5). The

w ide var.ato) In texture and julciness found among different cuts from the

sare ar:inal is well! documented in the literacure. Consequently, there was

considerable variation among samples of beef from the same storage container

and this var'ation was reflected in sensory ratings. During the study,

wr=.tten product descriptions were encouraged. The initial frequency of

comments regarding within-sample variazions was considered significant.

Undoubtedly, wthin-samp.e variation made the panel less critical of changes

in structural. y.q-aities. Dryness and roughness were much more serious

t.roblecs than indica:ed. These ftndings emphasize the necessity of eliminat-

ing this variable in the design of stotage studies.

Re•ydracion C:aar .teristics

inherent va .. il,.y albo obscures res-Jics of physLcal measurements of re-

hydration chara:ceristics. Meaningful data can only be obtained by comparing

I,
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the rehydration characteristics of adjacent samples of the same muscle.

The percent of water absorbed during rehydrat!on is shown in Table III.

Table IV shows the percent of loosely bound water. Mean values of d!?licate

determinations wete corrected for residual moisture content of the sample lot.

Sta-:stlca. An-lyses

Ta*.!e V si rarlzes :he stats.cal. analyses of sensory judgments and re-

hydra:lon measurements. The analyses of variance of sensory ratings of

acceptab'ýI-y, azowa, flavor, texture, and juiciness are presented in Tables

V! through Xý those of rehydratio-i measurements are shown in Tables XI and

X:I. Data for analyses of varianze of sensory characteristics are derived

from Tables XK'` throzgh XlV!2; tabled values represent the mean rating of

the tt.n panelia,•.

It ts apparent that the storage atmosphere and duration of storage were the

major factors in degradz:ion of crecooked, freeze-dehydrated beef held at

elevated stozage temperatire. The oxidative cffect was not significant at

the lowest level of tnitial oxygen concentration. If oxygen is virtually

excluded, the lipids are relatively stable aud formation of carbonyl

comTounds which zan participate in browning reaction is restricted. However,

naturally oncurr~ng carbohydrates support browning reactions. On these

bases, active carbonyl-amine browning reaction is the most important deter-

ioratfve mechanism at very low levels of headspice oxygen concentration.

Zt iL unfortsna:e that the experimental design did not permit evaluation of

the net effect of thts limited oxidation. While temperature rather than

concentr4tfion of carbonyl compounds is undoubtedly the major factor in rate

of bxown'.ng, it is well to document this phenomenon for purchase speci-

ii4to. Vqs
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At these levels of residual moisture co.tent, "oisture was not a signi-

ficanr ftLor in quslity exce• a.y it may relate to rate of browning

:za'z.t!on and to n of zhansa !.n struct.,ral properties. Dehydration

to a re.;idual mAsture content of 2 percent did not inhibit browni.ng reaction

apprec'ably over !he s:orage period.

Objective :e.en ,,qrwe;rtd the sensory evakations of texture and

juiciness. D~ylng to :!he lower residial moisture content appeared to have

3.ffected -hvdra:.4on.. in % 4'. cnn_:ure samFres rehydrated to a greater

extent. .This •?•±tisa1 vs:: was not tJghtiy bound and was released

cnder ;ressurte.

Pa=, and Deathe:sge (1960' investigated the effect of extent of dehydration

or water holding capeiz~y of raw freeze-dried beef. The degree of dehydra-

tion inflienzei the ato-ant of tightly bound water adsorbed in mono-and

multi-wolecilar .ayers by ccrtain protein polar groups. Dehydration caused

biochemical changes 4n rmecle tlajue through removal of water molecules

localized between p#ptide chains and attached to protein polar groups.

This resulting ?roxtmity of adjacent peptide chains caused new cross linkages.

As the consequence of this tightening of the spatial structure, there was a

decrease in wattr holding capscity.

P,.=hups becsse of the difference in structure caused by cooking and the

relative rate of browning, this effect was not noted during this investi-

gation. The higher moisture content did afford some protection, however,

to the degree of rehydration. Svbjectively, thit easily expressed or unbound

water gave the itrsesion of better structuze, since dryness of samples

was not at ap aTent as i! was at the lower residual moisture level. However,
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as :evlot~sly tndefted these observations are subject to question because

of randomi:btion of cuts.

Morscre level =ay be responsible for the terminal appearance of rancidity

in the 4! rmofst,:ý:e sample s:orei under 4, oxygen atmosphere and for the

earl;er detectiorn oý ranc.idi:y in beef dried to the 4% residual moisture

^Eve! and s:tred under 20' oxygen au.phere.

The =tsid-zal mol.st,;re leve.. a to affect the rate of oxidation. While

absoýp:ion of oxygen by prodict dried to the two residual moisture levels

was es&efn_4.I' the same, it appears tha: the chemical use of oxygen by the-

two au;bstrates varies. The oxidative reactions which occur cannot be

cor.sldcred as a single en:L.y for control pirposes.

Aý,darnnly, the hi.gher moist'ure level facilitates hydrolysis of those lipids

ies;pansible fo: rencid!cy. The )rientation of unsaturated fatty acids at

an interface can have a profound effect on cxidative reactions. Watts (1954)

ýnvcs:gsted the effect of orýEn:a:ion on oxidation of fatty acids. The

oxida-ion of oleic acid, :he principal romponent in the ether extractable

!Uptds of beef, Ls facilitated by orientation at polar hydroxyl groups.

Conversely, lewer levels of 7oisttire appear to accelerate the oxidation of

conj;ga:.d d since variations in rates of these two oxidative reactions

at '*.e two mo'sAure levels were corpensatory. To the authors' knowledge,

the effect of orientation on oxidation of non-ether extractable lipids has

not beer. doc-m-ented. However, these compounds could react in a manner

sii"2.ar t- that lndýictaed by Watrm for the moze highly unsaturated ether

a. s'!u•.e ftVty actds. Although the ra:e of oxidation of the more highly
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unsaturated fatty acids is more rapid with increasing degree of unsaturation

under a given condition, the oxidation of highly unsaturated fatty acids as

linoleic and linolinic is retarded by orientation at polar hydroxyl groups.

These observations should be documented by physical and chemical investi-

gation to define the relationship between extent of dehydration and the

site of bound water and to determine the relationship between the residual

moisture content of precooked freeze-dried foods and the type and rate of

deteriorative reaction under various conditions of processing and storage.

Terminal Characteristics

Table XVIII describes product characteristics at the termination of the

storage period. Typical amine odor and colors are apparent in the de-

hydrated state. Both of these characteristics intensify with rehydration.

As indicated, otuly the products stored under 2n initial oxygen atmosphere

can be considered acceptable. Yet these products ewvibit gross defects,

particularly in structural characteristics. Stored under apparently opti-

mm conditions, low storage temperature and inert gas atmosphere, there

-,s" no detectable change in the 21 moiature contaol samples during storage.

UC- E81Rimt

It is essential that precooked, freeze dehydrated beef be handled and

stored with little or no exposuri to atmospheric oxygen. These results

emphasize the merit of retaining and perhaps reinforcing provisions of

procurement specifications which deal with exposure to oxyren. Product

dried to the lower residual moisture level can tolerate somewhat greater

amounts of oxygen without exhibiting the same extent of browning reaction

or rancidity.
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Moisture level appeared to exert a significant effect on structural character-

istics. At these low levels of moisture, processing time and ,product through-

out are important economic factors. If the reported variation in moisture

content atmong samples from comercial drier load, can be adequately controllte

£4 residual moieture content could be specified. -As& previ Wuuly noted,

recosmendations relative to the effect of moisture on strucituraL character-

istics are subject to qualification. However, as indicated' by variations in

the development of rancidity, such a specificatidn would necessitate absolute

assurance of handling procedures in respect to exposure to oxygen. Accord-

ingly, any specification for residual moisture level is necessarily compromis-

ed by indivitdal processing procedures.
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TABLE I

ABSORPTION OF HEADSPACE OXYGEI, ML. PER GRAM

Initial Months of Storage
Residual Storage
moisture, Atmosphere
Percent % oxygen 1 2 3 4 5 6

2 2 0.11 0.11 0.11 0.11 0.11 0.11

4 0.22 0.22 0.22 0.22 0.22 0.22

20 0.57 0.81 1.04 1.29 1.29 1.29

4 2 0.12 0.12 0.12 0.12 0.12 0.12

4 0.23 0.23 C. 23 0.23 0.23 0.23

20 0.60 0.92 1.11 1.23 1.28 1.31

Control 0 0 0 0 0 0 0

CANIDO DIWKIN IN AMPAC OF( STORAM COUIER, ML. MgR AM

biil NUmtbe of Store"
Residual Storege
moisture, Atmspbere,
Percent % oxisem 1 1 3 4 5 6

2 2 0 0 0 .066 0 0

4 0 0 0 .027 0 0

20 0 0.061 0.068 0 0.074 .088

4 2 0 0 0 0 0.027 0

4 0 0 0.027 0 0.089 0

20 0.062 0.137 0.116 0.144 0.199 0.157

Control 0 0 0 0 0 0 0
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BEEF ACCZPTABIILTT

A. 21 Moitutre Samples

Initial Storage Atmosphere, % oxygen:

Motso trg

Corlto/nta5trg topee-2:.5 % 9;2% 7

Months of Storage

Correlation/Initlal Storage Atmosphere - 21: .83; 41:. .62; 201: .82
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BEEF ARuM4A
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4

720
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4 4

Months of Storage

Correlation/Initial Storage Atmosphere - 2: .70; 4: .94; 20: .49

B. 4% Moisture 8Saples

Initial Storage Atmophere: % Oxygen: 2 .

4

3 4 '

Honths of Storage

Correlation/Inltial Storage Atmosphere - 2: .74; 4: .71; 20: .76
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SKIP FLAVOR

A. 2% Moisture Samples

7 Initial Storage Atmosphere: % Oxygen: 2

4

020

14 1 5

Months of Storage

Corrslation/Initial Storage Atmosphere - 2:".80; 4: .91; 20: .85

D. 4% Moisture Samples

- "-� Initial Storage Atmosphere: Oxygen: 2

7 4

000

Months of Storage

Correlation/Initial Storage Atmosphere - 2: .94, 4: .64; 20: .77
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BUY TUXTUIR

A. 27. Moisture Samples

Initial Storage Atmosphere: % Oxygen: 2
4

20

Months of Storage

Correlation/IuiLtl Storage Atmosphere - 2:. .89; 4: .89; 20. .06

A. 41 Moisture $Smples

Initial Storage Atmosphere: % Oxygen: 2

• 4

r 20A

4

Months of Storage

Correlation/Initial Storge Atmosphere - 2: .90; 4: .90; 20: .70
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WATER A•SORBED DURING RECONSTITUTION,

PERCENT DRY WEIGHT ADJUSTED FOR RESIDUL MOISTURE CONTENT OF THE LOT

Initial Months of Storage
Residual Hleadspace
Moisture, Oxygen
Percent Percent 1 2 3 4 5 6

2 2 133 137 113 127 120 113

4 120 129 125 131 122 128

20 125 132 114 127 111 128

4 2 142 124 137 144 126 126

4 131 125 140 132 124 127

20 125 122 128 126 131 125

TABLK IV

IUNDIOD WATER,

MICUKT DRY U1GIO ADJUhUD MRl ESIDUAL NDZ3STW CONTENT OF YE LOT

initial Monuhs of storage
Residual Neadspac
moisture, 0qpam,
Percent pefreat 3 4 5 6

2 2 63 64 52 49 52 45

4 50 53 60 56 42 49

20 45 64 46 59 47 55

4 2 62 55 60 73 57 59

4 57 54 58 66 1 56

20 59 56 58 58 57 57
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TABLE VI

ANALYSIS OF VARIANCE: BEEF ACCEPTABILITY

Source of Degrees of SuN of Mean Calculated

Variation Freedom Squares Squors F Ratio

Moisture, M 1 1.43161 1.43161 4.8b

Oxygen, 0 2 9,17947 4.58974 15.59

Storage Time, T 5 25.65131 5.13026 17.42

H40 2 .31886 .15943 .%

HT 5 5.93265 1.18653 4.03

OT 10 2.02265 .20'!26 .69

HOT (Error) 10 2.94492 .29449

TOTAL 35 47.48147

TABLE VII

ANALYSIS OF VARIAiW5: 1EEF AROMA

Source of Degrees of sum of Mean Calculated
Variation ftoedom Squares Squ mre F Ratio

Moisture, K 1 .03330 .03330 .13

Oxygen, 0 2 3.57875 1.76937 6.76

Storage Time, T 5 17.30312 3.46062 13.07

14O 2 .46321 .'"3161 87

wT 5 4.53217 .90643 3.42

or 10 1.51892 .15189 .57

4OT (Error) 10 2.64836 .26484

TOTAL 35 30.07783
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TABLU VIII

ANALYSIS OF VARIANCE: BEEF FIV-,

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Sqiare F Ratio

Moisture, M 1 .55007 .55007 2.28

C'xygen, 0 2 14.67056 7.33528 30.40

Storage Time, T 5 26.44951 5.28990 21.92

No 2 .20872 .10436 .43

MT 5 4.77472 .95494 3.95

OT 10 2.20247 .22025 .91

hOT jir:or) 10 2.41314 .24131

Tots'. 35 51.26919

TABL IX

ANALYSIS OF VARIANCE: 3EEF TUZTURZ

S e f Doerees of sun of mean Calculated
Veruiem Freedom Squares Square F Rati,'

Montwe, x 1 1.27502 1.27502 5.38

0uysfa, 0 2 1.32488 .66244 2.79

Storage Time, T 5 9.66009 1.93201 8.15

No 2 .41979 .20990 .89

lT 5 3.65800 .73160 3.09

OT SO 1.26439 .12644 .53

MOT (Error) 10 2.37130 .23713

Total 35 19.97347



TABLE X l- -; ....

ANALYSIS OF VARIANCE: BEEF JUICINESS

Source of Degrees of Sum of Mean Calclatod
Variation Freedom Squares Square F Ratio

Moisture, M 1 3.09174 3.09174 17.97

Oxygen, 0 2 .30334 .15167 .88

Storage Time, T 5 5.37451 1.07490 6. 5

340 2 .16167 .08084 .47

MT 5 3.C 4t 18 .60823 3.54

OT 10 1.43303 .14330 .83

MOT (Error) 10 1.72036 .17204

TOTAL 35 15. 1 2586

TABIE XI

ANALYSIS Of VARIANCK: WORl AISOaWD DURING iZCONSTITUTION,

P•'RCNT DMr WIGf ADJUSTED FOR RUSIDUAL NOISTURI CONTENT Of TIM LOT

Source of Di.ogm of $=. of NAn Calculated
Varietion Frtedm tsquart 8%"&." let io

Moisture, N 1 .02778 .02778 9.99

Oxygen, r 2 .01102 .00551 1.98

Storage Time, T 5 .03172 .00634 2.28

NO 2 .00702 .00351 1.26
*

MT 5 .05709 .01142 4.11

OT 10 .04055 .00406 1.46

MOT (Error) 10 .02781 .00278

TOTAL 35 .20299
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ANALYSIS OF VARIANCE: UMBOUOD UA1TR,

PRICDT DRY WKI=T ADJUSTED FOM RESIDUAL NOISTURE COnTENT OF THE LOT

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

Noisture, M 1 .02890 .02890 8.70

atygen, 0 2 .00695 .00348 1.05

Storage Time, T 5 .03163 .00633 1.91

NO 2 .00065 .00033 .10

HT 5 .02407 .00481 1.45

OT 10 .02722 .00272 .82

MOT (Error) 10 .03318 .00332

Total 35 .15260

TABiU XIII
I1,

IU5E ACOcREPBILITTl MUA VAUI

Istitial Months of Storage
Residual Keedepo O
moisture, Oxygevi
Percent Percent 1 2 3 4 5 6

2 6.150 5.700 5.200 4.625 3.650 4.500

2 4 5.700 5.250 4.875 4.450 3.725 4.100

20 4.450 4.700 3.475 3.425 2.650 3.425

2 6.500 5.750 5.900 4.800 5.250 4.425

4 4 6.700-. 4.400 6.000 4.025 4.277 3.550

20 7.80) 3.900 4.275 3.100 3.777 2.800



SERF A3C4A, M&M VAIAZ

FOR THE STUDY

Initial Months of Storage
Residual ieadspace
moisture, Oxygeu,
Percent Percent 1 2 3 4 5 6

2 2 6.250 5.375 4.950 4.700 3.650 5.450

4 6.100 5.57i 4.750 4.450 4.250 4.950

20 5.200 4.975 3.500 4,850 3.250 3.97

4 2 6.300 5.500 5.150 4.200 5.330 5.100

4 6.250 4.650 5.300 3.600 4.220 4.500

20 6.950 4.450 5.100 3.150 4.170 3.300

TABU XF
NO MVILS 00 V

318i flAW08. BANl VA/Z

lbd•Let NNOet of 8t-vap

16eidual UlNadeve"
moieCure, $ 0 mn,
percent Percent 1 2 3 4 5 6

2 2 6.650 5.675 4.950 5.050 3.650 4.950

4 6.050 5.425 4.700 4.800 3.850 4.200

20 4.900 4.525 3.000 3.450 2.950 3.750

4 2 6.800 5.950 5.W00 5.050 5.170 4.600

4 6.600 4.450 3.800 4.350 4.330 3.750

20 7,400 3.450 4.025 2.850 3,:00 2.600



TA•E XVI 
P

BEZF TEXTURE, •M VALUE

FOR THE STUDY

Initial Mouths of Storage
Residual Headspace
Moisture, Oxysen
Percent Percent 1 2 3 4 5 6

2. 2 5.150 5.400 5.250 4.650 4-600 4.20('

4 5.200 5.350 5.200 4.950 4.450 4.450

20 4.250 4.800 5.300 4.000 4.350 4.600

4 2 6.100 6.000 6.300 5.350 5.390 4.000

4 5.800 5'.250 5.700 5.350 4.720 3.500

2G 7.050 4.650 4.875 5.150 3.940 3.800

TAula XVII

B33EV JUICINSS, M HE VALUB

FOR TE' STaUY

Iuttit Months of Storage
Residual lehdepnce
moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 5.450 5.650 5.000 5.450 4.650 4.700

4 5.500 5.300 5.000 5.150 4.850 4.700

20 4.800 4.900 5.000 4.750 4.450 5.300

4 2 6.450 5.600 6.000 5.950 5.330 5.200

4 6.200 5.050 5.900 5.850 5.280 4.700

20 7.850 4.650 5.950 5.350 4.940 4.900
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Ii. CHICIRN

According to Harper, et &1 (1957), the mechanisms of storage deterioration

of freeze-dried chicken are probably the sm as those of beef.

Differences in the characteristics or reactions are attributable to species

variation in such factors as type and degree of unsatuation of fat, content

of "lobin and specifi -mno Acidas, and re•l-v. pLgmenttion.

Seltzer (1961), reviewing processing and storage criteria for freeze-

dehydrated chicken, stated chat freeze-dehydrated chicken deteriorated quit4

rapidly when exposed to cit and stored at elevated temperatures. Further-

more, the induction period for autoxidation of free fat may be completed

during processing, resulting in early development of rancidity during

storage.

The mechanism of oxidative deterioration of freeze-dehydrated chicken was

studied by Chipault, et al (1961). As in their study of precooked, freeze-

dehydrated beef, these Luvestigators observed that lipid oxidation can

account for virtually all of the oxygen absorbed. Fat free tissue oxidized

quite slowly. While residual lipids in the samples could account for this

oxidation, the possibility of oxidation of protein, destroying labile amino

acids, was also considered. Here again, the initial rapid rate of oxi-

dation of the whole tissue suggested that the oxygen absorbed was used

primarily to oxidize the non-ether extractable lipids and that decrease in

rate of reaction was attributable to exhaustion of tissue supply of thete

unstable fatty acids. An induction period was typical of oxidation of

ether extractable lipids. Oxidation of the bound lipids did not appear to

have a prooxygenic effect on ether extractable lipids. Thus the relative
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participation of these two reactions in degradation of product in a closed

vessel is a function of available oxygen and bound lipid content.

If moisture content exceeds 3%, carbonyl-amine browning occurs rapidly in

chicken; other storage variables necessary for this reaction were not

specified in the review (Seltzer, 1961).

Dryness and toughness are the most serious deficiencies associated with

freeze-dehydration of chicken and storage under mild conditions. (Tappel,

et al, 1957 and Seltzer, 1961).

RNSULTS

Oxyzen Absorption

The absorption of headspace oxygen by freeze-dehydrated chicken is shown in

Table I. At the termination of the first month of storage, the available

oxygen had been absorbed by samples stored under lvku oxygen pressures and

all or essentially all of the available oxygen had been absorbed by the

samples stored in the 201 oxygen atmospheres. The minor variation in amount

of oxygen absorbed by samles stored in 20% oxygen atmospheres was not

statistically significant.

This rapid absorption was also demonstrated In the study of oxidative mechan-

ilss conducted by Chipault, at al (1961) and is considered characteristic of

this tissue. It has long been known that the neutral fats of chicken are

more easily oxidized than those of beef. Species differences are attributed

primacily to fatty acid composition. The susceptibility of fat to oxidation

depends on degree of unsaturation. For example, according to Watts (1954),

linoleic acid may comprise I to 2% of the total triglycerides of beef and 8

to 31% of those of poultry.
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Carbon Dioxide kroduction

Table :: shows the production of carbon dioxide during storage. Variatie-

in the mount of carbon dioxide produced by samples processed to the two

residual moisture levels and stored under 20% oxygen atmospheres is note-

worthy. The reason for this extreme variation is not apparent. However

carbon dioxide production could be related to acceleration of reactions at

the higher residual moisture level, i.e., browning reaction with concurrc.t

hydrolysis of certain free fats.

Rehydration Measurements

Measuremmet of the mounts of water absorbed during reconstitution and

easily expressed iusder pressure are shown in Tables III and IV. Data

indicate inherent variability in raw product and the difficulty in condu(.

Lng an objective analysis of these characteristics on samples which might

vary widely in rehydration characteristics. It should be noted that, eitht

in the dehydrated or rehydrated state, it was quite difficult to distinguLe

the breast from the thigh meat and that the majority of the cubes appeared

to represent both of these tissues.

Km (1960), reviewing the biochemistry of meat hydration, indicated that

hydration may be species related. There were indications that water holdit

capacity decreased in the following order: pork, beef, chicken. Apparenti

the fibrillar protein content is essentially the same among species buL the

content of globular protein is species dependent. Meats with the greater

content of globular protein appear to have greater water binding capacity.

Because of variation in fat content, rehydration measurements of the two

meat products in this study are not directly comparable.

- - -
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Quality Attributes

Figures 1, 2 and 3 show the changes in quality attributes of acceptability,

aroma, and flavor during the storage period. A very close correlation between

deteriorative changes in these qualities is apparent.

Changes in structural characteristics during storage shown in Figures 4 and 5

appear to be slight and irregular. Again, deterioracion in structural qualities

during storage was much more serious than indicated by the relative raitig of

samples. Biological variabil4 ty undou~tsdly influenced the scoring pattern.

However, it is more probable that presentation of compressed blocks of samples

generally composed of both light and dark meat confounded the evaluation of

these attributes and made the panelists reluctant to document changes.

Statistical Analyses

The summary of statistical analyses is presented iv 'able V. Analyses of

variance of sensory characteristics and rehydration measurements are shown

in Tables VI through XII. Tables XIII through XVII show the average ratings

of sensory qualities by the panelists through the study.

At this storage temperature, the oxygen content of the headspace was the most

important storage variable. As indicated, only those samples stored under

the lowest oxygen pressure failed to exhibit significant change attributable

to oxidation during storage. Oxtdation of non-ether soluble lipids appeared

to be the primary deteriorative reaction.

According to Tappel, et al (1957) precooked chicken, freeze-dried to a

residual moisture content of 2% and stored in a nitrogen atmosphere at 130 0 F,

exhibited pronounced browning at the term.:nation of the four month storage

period. Product stored ande- identical conditions at 100OF apparently did
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not exhibit this characteristic and was reported to have good storeag

stability at WOOF for six months. Although some variation in flavor was

indicated, no color change was observed between the stored sample and

freshly dehydrated product. In the absence of oxygen and at this low

residual moisture level, browning reaction in chicken oppeared to be tempeT

ature correlated.

Similarly, browning reaction did not appear to be a primary reaction in tt,

study of storage stability of precooked, freeze.-dehydrated chicken stored

under various oxygen atmospheres. However, since carbonyl compounds are

products of fat oxidation and since fat oxidation leading to rancidity is

known to have occurred, the reason for failure to exhibit typical charactex

istics of browning reaction is obscure. Accordingly, there are several

observations which should be made at this point.

The characteristics observed correspond quite closely with those reported b

Rolfe and Monro in a study of precooked minced dehydrated pork stored under

various conditions (Sharp and Rolfe, 1958). The comparison appears apt in

view of the preponderance of highly unsaturated fatty acids in both sub-

trates. Rolfe and Monro observed the development of mealy attributes and

yellow to yellow-orange color in meat adjacent to oxygen, while the remaind

of the compressed block exhibited characteristics typical of non-oxidative

browning reaction. These atypical characteristics also developed when loose

packed granules of dehydrated meat treated with antioxidants were stored in

air. The authors coracluded that normal non-oxidative browning reaction whit

gives risa to meat extract, roast flavors and to brown discoloration was

blocked at soot stage when oxygen was present.

__ _ nn.n w f

i
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The developmeut of unpleasant odors descrlbed as stale and putrid ý.as also

rioted during the study of oxidative deterior3tion of chicken (Chip.•lt, et

al, 1963). Data obraxned in a s,'.bsec•'nt pha.e of that investigac.o, .nicated

that bound lipid oxidation does not iuvolv,-r cialn propagat;Lor ari.i ;, z coa-

sequence, conventional antioxi.or.ts wh".ci ir.ilt chain reaction_ Aould oe

ineffective in preventing deeriorati3on causLA by ox.artion of bo.,.i.d lipids.

Were it nor for the similarity i- chaar.ater-1:ics and for the knu¼',• far oxi-

dation, lack of browning might le tcaree L> :.3.rage temperature, substrate

or poultry pretreatcznlt, s'ich as ar, ag•g rzcceaire, which would :•tard

glycolysis and 'ir.t the supply o! any rat;.al.y occurring reduci:.. sugars

That is, no brown discolorsaton cculd be expe.cceo if there vere c.Ily a trace

of reducing sugar3 present.

The dangers in generalizing from the observat*ons made during this study of

beef and that study of pork, i..., from one product to another, arc recognized.

Neither this study nor that of Rolfe ind Monro were substantiated by adequate

chemical and phys'.cal tests. However, these atypical characteri-tics may be

just other manifestations of browning reaction rather than inhibition of

hown-ing reaction by oxygen.

Since tha volatile aldehydes of fats are known to vary in characteriStics,

there is no reason to expect that any given set of characteristics -,ay be

regarded as typical of browning reactions which occur under a wide %nrrety

of conditions.

Pippen, et al (1956) P~v&.4gated trhe volacile catbonyls of raw chicken under

oxidative conditions. i!c.e-cr, the specific .• .bonyl compounds fsola-td

were n-ot related to proiv,,•. ch.ýrac:tri~stics. The pvecise relationshii-
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between sensory qualities and type of carbonyl compound and possible route of

browning merits investigation.

As indicated by Hodge (1953). the many different reactants and relations

which are known to occur during browning in model systems necessitate analysis

of the browning complex by identification of individual reactants and reactions

In both model and natural food systems. Under a given set of conditions, th-

operative routes of browning and the extent to which one reaction affects

another in a given food must be deteruined.

From the thorough review and organization of available literature ýRodge, 1953.

several sas.-enr points deserve consideration:

1. The monomeric compound isolated from acidic glucose-glycine condens-

acion product of browning reaction is nearly colorless but produces

color on heating in water. This condensation product is more stabi.

on standing in air tha•. nermal N-substituted glycosylamines.

2. AutoiscmerisatIon is a general characteristic of aldosylamines since

most of them show decomposition to some extent on storage. However,

if the beta hydroxyl is substituted, the Amoradi rearrangement and,

therefore, browning which might otherwise have occurred is blocked.

The beta hydroxyl is essential for the occurrence of a significant

degree of browning.

3. The fission products of sugars vary considerably in their potential

for browning. Fragmentr which contain the alpha hydroxycarbonyl

group undergo browning alone in aqueous solution and, in the pre-

sence of amino acids, browning is Accelerated. In a study of non-

amino systems, It was shown, by heating various dicerboxylic acids

with hydroxymethyl furfural, that an alpha hydroxyl group is re-

quired for the occurrence of browning.



Page 53

4. ..ldehydes formed by the Strecker degradation are a possible source

of browning. These compounds condense with themselves, with sugar

fragments, other dehydration products, or with aldimines and

ketimines to form brown pigments. Proteins and amino acius undergo

very rapid browning with acetaldehyde but no browning is obtained

with formaldehyde. Since glycine which yields formaldehyde by

Screcker degradation browns in some cases more and in other cases

nearly as rapidly as alanine which yields acetaldehyde, it is

apparent that production of aldehydes from alpha amino acids by

Strecker degradation could not be a major color producing reaction.

5. In the final stage of browning, intermediate compounds polymerize

to fornm unsaturated colored polymers. Because of similarities

in composition and properties of melanoidins derived from the

reactions of glycine with glucose, mannose, xylose, furfural or

pyruvaldehyde, it was assumed that these melanoidins were derived

from similar intermediates. It is now known that there are

significant differences mong furfural-glycine melanoidin (high

content of ether bound oxygen), glucose-glycine melanoidin (high

ctintcnt of alcoholic hydroxyl groups), and pyruvaldehyde-glycine

melanoidin (high content o' enolic hydroxyl groups and low content

of ether bound oxygen). The melanoidins derived from acetaldehyde-

glycine or pyrte/eacid-glycine give colors different from that of

furfural melanoidin, Indicating a possible difference in structure.

6. Aldol condensation of pyruvaldehyde has been postulated as the

initiLi rcaction in melanoidin formation. Since sugar-amine brown-

ing iL; iidcpendent of atmospheric oxygen, reactions are considered

proLvii Lraiisfer reactions. However, atmospheric oxidation may
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contribute to browning, Some type of oxidation Is necessary for

the browning of reductones but this need not be supplied by the

storage atmosphere. Air oxidation might serve to diminish the

extent of color formation by converting the very active compounds

such as pyruvaldehyde to less active compounds such as pyruvic

acid.

As Hodge indicated, reactions observed in model systems should promote solution

to problems in food technology. While the possible relationship of any of the

above mentioned reactions to those observed in zhis study cannot be documented,

the observations do serve to indicate possible avenues of investigation.

The fact thea storage time was not significant to qualities of flavor and

aroma of test samples in this investigation is indicative of the rapid rate

of oxidation during packaging under atmospheric oxygen and storage under the

various oxygen pressures.

None of the storage variables affected the degree of reconstitution of the

test samples. However, there was a significant change in water holding

capacity with storage time. Accordingly, storage temperature may play a

predominant role in change in the ability of tissues to hold iobiliaed

water. Subjective evaluation of juiciness followed the some pattern as

changes in water holding capacity.

The effect of moisture on loss of water holding capacity of samples stored

under the various oxygen atmospheres varies. The 2% residual moisture test

samples exhibited a progressive loss in water holding capacity with increas-

ing amounts of initial headspace oxygen. In contrast, the 4% residual

mcistare sample stored in 20 oxygen atmosphere exhibited a greater ability
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to immobilize water than samples of the same moisture content stored under lower

oxygen pressures. This capacity, however, is related to development of the

mealy attribute and does not signify an improvement in structural properties.

In the mouth, this product seemed to possess the absorbancy of diatomaceous

earth at the termination of storage. Conversely, with storage under lower

oxygen pressures, the samples with higher residual moisture content expressed

more water under pressure than those dried to the lower moisture level.

Panelists also implicated storage atmosphere as a factor in development of

this extremely dry, mealy characteristic.

Terminal Characteristics

Table XVIII details characteristics at the termination of the storage period.

No change in color could be detected in the dehydrated samples. A yellow

cast developed in all test samples after rehydration in 176 - 179;60F water;

visually, there was no discernible difference in color among the six test

samples.

Only the control samples stored at 100F in an atmosphere of pre-purified

nitrogen failed to exhibit noticeable defects. The primary effect of storage

under the lowest oxygen pressure was change; in structural characteristics.

While other deteriorative changes were observed, variations in flavor and

aroma in these samples did not limit storage life.

The variation in rate of development of rancidity in the remaining samples

implicates moisture level and indicates that the influence of moisture

content on oxidation of both ether extractable and non-ether extractable

lipid fractions should be investigated in order to define processing speci-

fications for maximum stability.
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At the lovest oxygen pressure, variation in residual moisture content vithin

the 2 to 4% range did not affect product characteristics significantly.

Product dried to the lover residual moisture level tolerates somevhat

greater amounts of oxygen. The deterioration noted in these samples

suggests that exposure to oxygen should be avoided. Since chicken oxidizes

readily and molecular oxygen is tightly bound, packaging criteria may not be

meaningful in terms of restricting oxidation of bound lipids.
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TABLZ I

ABSORPTION OF HKADSPACE COCYUEN, ML. PER GRA&

Initial Months of Storage
Residual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 0.081 0.081 0.081 0.081 0.081 0.081

4 0.162 0.162 0.162 0.162 0.162 0.162

20 0.951 0.951 0.951 0.951 0.951 0.951

4 2 0.083 0.083 0.083 0.083 0.083 0.083

4 0.166 0.166 0.166 0.166 0.166 0.166

20 0.852 0.970 0.970 0.970 0.970 0.970

Control 0 0 0 0 0 0 0

TABLA II

CARBOC DIOXIM IN AWSPACK OF ST0AU COCTAINKitR MIL. PSR GRAM

Initial Months of Storage
Residual leadspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 0 0 0 0 0 0

4 0 0 0 0 0 0

20 0 0.029 0 0 0 0

4 2 0 0 0 0 0 0

4 0 0 0 0.018 0 0.018

20 0.047 0.083 0.030 0.053 0.047 0.018

Control 0 0 0 0 0 0 0
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WATER ABSORBED DURING RECONSTITUTION,

PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF IE LOT

Initial Months of Storage
Residual Meadspace
moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 148 102 108 147 143 126

4 117 149 116 131 146 150

20 150 162 146 139 150 131

4 2 170 160 119 140 169 145

4 161 127 117 170 169 155

20 136 125 124 155 138 148

TABLE IV

UNBOUND WATEIR

PERCENT DRY WEIUXT ADJUSTED FOR t$318IIAL MOISTURE CONTENT OF T1E LOT

Initial Months of Storage
Residual Neadepace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 52 40 32 56 52 48

4 44 59 45 48 58 54

20 53 68 54 55 58 49

4 2 68 33 40 51 70 59

4 56 45 44 64 68 74

20 44 47 46 58 48 58
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CICKI ACI FTPBILITY

A. 27. Moisture Samples
Initial Storage Atmosphere, % Oxygen: 2

1 40

20A

2. 3

Months of Storage

Correlation/Initial Storage Atmosphere - 2%: .81; 47.: .23; 202: .75

B. 47, Moisture Samples
Initial Storage Atmosphere, 7% Oxygen: 2

4 e

I ~20A

3..

Months of Storage

Correlation/Initial Storage Atmosphere - 27.: .77; 47.: .75; 207.: .59
-" I
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CHIICKN AWOVA
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CHICKEN FLAVOR

A. 27. Moisture Samples

Initial Storage Atmosphere, %. Oxygen: 2

40

60

33

z2O

Months of Storage

Correlation/Initial Storage Atmosphere - 2?.: .55; 4?: .26; 20%: .73

B. 4? Moisture Samples

Initial Storage Atmosphere, %. Oxygen: 2

44

S3 f. 5 S
Months of Storage

Correlation/Initial Storage Atmosphere - 2?: .97; 4%: .68; 20% .61
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CHICIMN TEXTUME

A. 2% Moisture Samples

Initial Storage Atmosphere, % OxYgen: 2

S.
*14

Ux

2.

Months of Storage

Correlation/Initial Storage Atmosphere - 2.: .28, 47.: .36; 20%.: .29

B. 4% Moisture Samples

Initial Storage Atmosphere, % Oxygen: 2

4'
71 20,

a

.94
41

Months of Storage

Correlation/Initial Storage Atmosphere - 2%.: .84; 4%.: .52; 20%: .87
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CHICXZN JUMNISSS

A. 2% Moisture Samples

Initial Storage Atmosphere, % Oxygen: 2

740

20A

2~

Months of Storage

C-rcelation/Initial Storage Atmosphere - 2: .26" 4: .51, 20: .28

3. 4% Moisture Samples

Initial Storage Atmosphere, % Oxygen: 2

40.

J20

Months of Storage

Correlation/IniLtia. Storage Atmosphere - 2: .91, 4: .73, 20: .60
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ANALYSIS OF VARIANCE: CHICUN ACCEPTABILITY

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, H 1 .20718 .20718 1.17

Oxygen, 0 2 13.34467 6.67234 37.83

Storage Time, T 5 5.71558 1.14312 6.48

MO 2 .04764 .0238 .13

XT 5 1.14488 .2-288 1.30

OT 10 1.98687 .19869 1.13

HOT (Error) 10 1.76372 .17637

TOTAL 35 24.21054

TABLE VII

ANALYSIS OF VARIANCE: CHICKEN ABOVA

Source of Degrees of Sum of mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, M 1 .11111 .11111 .21

Oxygen, 0 2 9.26995 4.63497 8.71

Storage Time, T 5 7.69118 1.53823 2.89

HO 2 .11423 .05711 .11

MT 5 .74806 .14961 .28

OT 10 1.63552 .16355 .31

HOT (Error) 10 5.31957 .53196

TOTAL 35 24.88.62
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TABLE VIII

ANALYSIS OF VARIANCE: CHICKEN FLAVOR

Source of Degrees of Sum of Wan Calculated
Variation Freedom Squares Square F Ratio

Moisture, H 1 .00035 .00035 .00

Oxygen, 0 2 16.79034 8.39517 12.98

Storage Time, T 5 5.90744 1.18148 1.83

NO 2 .19730 .09865 .15

HT 5 1.72123 .34424 .53

OT 10 1.46672 .14667 .23

HOT (Error) 10 6.46910 .64691

TOTAL 35 32.55248

TABLE IX

ANALYSIS OF VARIANCE: CHICIKN TEXTURE

Source of Degrees of Sum of mean Calculated

Variation Frea•dom Squares Square F Ratio

Moisture, H 1 .06199 .06199 .84

Oxygen, 0 2 1.10553 .55276 7.47

Storage Tim, T 5 .91657 .18331 2.48

NO 2 .18125 .09063 1.23

S5 1.26745 .25349 3.43

OT 10 .38317 .03832 .52

NOT (Error) 10 .73951 .07395

TOTAL 35 4.65547
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ANALYSIS O! VARIANCE: CHICKEN JUICINESS

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, N 1 .01862 .01862 .48

Oxygen, 0 2 1.22820 .61410 15.69

Storage Time, T 5 1.17000 .23400 5.98

H.) 2 .03689 .01844 .47

HT 5 .80404 .16080 4.10

OT 10 .97122 .09712 2.48

HOT (Ertor) 10 .39130 .03913

TOTAL 35 4.62027

TABLE XI

ANALYSIS OF VARIANCE: WATER ABSORBED DURING RECONSTITUTION,

PERCENT DRY MIGHT ADJUSED FORt RESIDUAL NOISTLtR COMMNT OF THE LO

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Jquare F Ratio

MoiLsture, X 1 .07747 .07747 2.37

Oxygen, 0 2 .00474 .00237 .07

Storage Time, T 5 .35505 .07101 2.17

No 2 .15124 .07562 2.31

MT 5 .05851 .01170 .36

o1r 10 .16839 .01684 .51

HOT (Error) 10 .32723 .03272

TOTAL 35 1.14263

_ _ _ii_ _ _ _ _---__ _ _ _ _ _ _--I
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ANALYSIS OF VARIANCE: UNBOUND WATER,

PERCENT DRY WRIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, K 1 .01361 .01361 2.68

Oxygen, 0 2 .00545 .00273 .54

Storage Time, T 5 .08850 .01770 3.49

MO 2 D04567 .02284 4.50

HT 5 .03442 .00688 1.36

or 10 .06705 .00671 1.32

MOT (Error) 10 .05070 .00507

TOTAL 35 .30540

TABLE XIII

CRICKIN ACCRPTABILITfT IEAN VALUK

FOR THE STUDY

Initial Months of Storage
Residual Neadspace
Moisture, Oxgen,
Percent Percent 1 2 3 4 5 6

2 5.725 5.375 5.300 5.200 4.750 5.094

2 4 5.600 5.150 4.150 5.800 4.675 4.375

20 5.250 4.125 3.500 4.250 3.350 2.812

2 4.875 5.200 5.400 5.675 5.050 4.950

4 4 5.250 5.850 4.675 4.375 4.425 3.925

20 4.050 3.800 3.950 4.225 2.925 3.150
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CHICKEN AROMA, MA VAYUA

FOR rHE STUDY

Initial Months of Storage
Residual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 6.150 5.350 5.550 5.350 4.300 4.812

4 6.000 5.450 4.200 5.425 4.900 4.625

20 4 .QOO 4.400 3.900 4.650 3.600 3.812

4 2 5.500 5.700 5.350 5.700 4.650 4.150

4 5.500 6.000 4.700 4.300 4.850 4.400

20 4.900 4.600 3.900 3.925 2.950 3.600

TABLE XV

CHICKEN FLAVOR• MAN VALIM

FOR THI STUDY

Initial Mouths of Storage
Residual Hleadepace
Moisture, Oxupen,
Percent Percent 1 2 3 4 5 6

2 2 5.575 5.575 5.125 5.000 4.200 5.156

4 5.625 5.075 3.975 5.825 4.450 4.125

20 4.300 4.100 3.250 3.975 2,525 2.656

4 2 5.050 5.300 5.575 5.475 5.075 4.625

4 4.750 5.325 4.800 4.400 4.700 3.900

20 3.900 3.625 3.800 4,375 3.100 2.850
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CHICKEN TW'.TURE, MEAN:14 VAL06

FOR THE STUDY

Initial Months of Storage
Residual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 5.650 5.800 5.825 6.050 5.400 5.656

4 5.800 5.400 5.875 6.000 5.475 5.343

20 5.850 5.400 5.325 5.750 4.950 5.531

2 5.375 5.950 6.200 6.300 6.575 5.650

4 5.250 5.850 5.600 5.600 5.850 5°900

20 -#.800 5.300 5.800 5.975 5.350 5.250

TABLE XVII

CHICKEN JUICINESS, MNA VALUE

FOR THR STUDY

Initial Months of Storage
Residual Headspace
Moisture, Oxygen,
percent Percent 2 3 4 5 6

2 1 5.625 5.500 5.875 5.500 6.125 5.781

4 6.100 5.300 5.675 5.500 5.625 5. -+'

20 5.600 5.050 5.300 5.500 5.325 5.531

2 5.200 5.300 5.725 6.150 6.450 6.225

4 5.550 5.825 5.425 5.500 5.950 6.225

20 4.900 5.000 5.525 5.750 5.200 5.675

t
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III. CARROTS

There is a dearth of information relating characteristics of freeze-dehydrated

carrots to storage environment. The investigations conductec to date have dealt

largely with the effect of processing and packaging variables on stability of

conventionally dehydrated carrots. While the type of dehydrative process ts a

significant factor, certain gross characteristics may typify reactions of the

product, regardless of method of dehydration.

The oxidation of carotenoid pipmnts in plant tissues during processing or

storage is one of the factors responsible for impairment of quality attributes.

The oxidation of beta carotene to beta ionone c&uses undesirable hay-like

flavors and odors and lose of color. (Barnell, at al, 1955).

According to Mackinney, et al (1958), the necessity of excluding oxygen from

the storage atmosphere of conventionally dehydrated carrots has been re-

affirmed repeatedly. Investigation indicated that oxygen absorption must be

limited to 0.1 al. oxygen per gram of product conventionally dried to the 5%

residual rwisture level if off-flavors were to be avoided. However, oxygen

cons-mption is knowm to be a function of moisture content. While reactions

other than carotene oxidation compete for available oxygen supply in a sealed

container, progressive lovering of moisture content from 5 to 21 can result

in sustantially more carotene oxidation at such an oxygen-product ratio

during storage.

A study of the effect of storage in nitrogen and air atmospheres on stability

of soup mixes containing freeze-dried vegetables indicated that the protection

afforded by nitrogen lessened during storage. It was suggested that undesirable
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off-flavors were eventually destroyed to some extent in air stored samples

while concentration increas&J in nitrogen stored samples (Wuhrmann, et al,

1959).

Research conducted by British workers indicated that the reaction between amino

acids and organic acids does nct contribute appreciably to browning of conven-

tionally dehydrated carrots. However, this reaction did augment the initial

rate of browning and altered the course of browning reaction during later

stages since a decrease in water soluble brown pigment was noted. As the

result of this work, it was postulated that the reducing sugar-amino acid

browning reaction is responsible for 95 Fercent of the browning in convention-

ally dehydrated carrots. This browning appeared to involve all amino acids

to the same extent, resulting in a general reduction in quantity of identified

compounds (Darnell, et al. 1955).

The effect of residual moist;re content and storage atmosphere on brnwning

reaction in conventionally dehydrated carrots was investigated by Legault,

et al (1951). Nlonenaymic browning reaction was the principal deteriorative

process at elevated storage teariratures. Drying the product to low residual

moisture content afforded substantial protection against browning reaction.

At a storage temperature of 10067, tho rate of browning reaction decreased

by 1.6 fold with reduction In residual moisture content from 6.5 to 4.01.

Storage atmosphere, whether nitrogen or air, was reported to have l-ttle

effect on the rate of brownin$.
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?ES',"1$S AND DISCUSSION

Oxygen Absorption

"The absorp.ion of headspace oxygen by precooked, freese-dehydrated carrots

is shown in Table 1. 4n general, the rate uf absorption is high initially

and decreases with storage time. However, there is a terminal increase in

ra-e of oxygen absorpt!on by the 4% residual moisture samples stored under

4 and 20% oxygen atmosrheres. The amount of oxygen absorbed is dependent

on the residual moisture content. Paired comparison of oxygen absorption

'inder the various atmospheres revealed that samples dried tb the lower residual

moist..re level absorfi significantly greater mounts of oxygen than samples

dried to the higher residual mo: sture level. Significance level varied with

the in•t•al headspace oxygen content. The difference in mount ofloxygen

absorbed was significant at the .001 level of probability for the samples

stored under 2 and 202 oxygen atmospheres and at the .01 level of probability

foT samples stored under 4% oxygen atmosphere.

Carbon Dioxide ProductiOn

The reactions occurring in samples dried to the 47 residual moisture level

produced a substantially greater mount of carbon dioxide than those in the

lower moisture content samples. Carbon dioxide was detected in each headspace

ataosphere sample withdrawn from the 4% residual moisture samples. in contrast

carbon dioxide was present only in the 20% oxygen headspace atmospheres of 2.

residual moisture samples. Carbon dioxide production is shown in Table II.

Rehydration Characteristics

Tables =1 and IV show the relative rehydration and unbound water content in

the test samples. While useof the press technique for measurement of easily

expressed or unbound water has been reported repeatedly for meat products,
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this technique does not appear to have been applied to vegetable products.

Applicability of this method of measarement or modL~ications thereot is un-

certain. The inherent variance among individual specikaens described in

previous seatiops of this repotI applies equally welt to this product and to

validi:y of these physical measir-t~ents.

Quality Attributes

Figures I through 6 show the trerwds in change3 in quality attributes during

storage. Sensory jdgmmnts of aroma, f•avor, and color tend to parallel that

of ac-.eptsility. The 2% -esi-•ca moist-ýre ramples appeared tc be relatively

more stable in these characteristics during storage. A deteriorative reaction

was much more apparent in attritutes of the 4% residual moisture samples.

Stat?.3.8ical Analyses

Table V suamaiLzes the statistical analyses of sensory judgpents and re-

hydration measurements. Analyses of variance of the sensory characteristics

ate shown in Table VI through XI and those of physical measurements of re-

hydratiot. characteristics in Tables XII and XIII. The man values of panel-

ists' scores for the sensory qualities are presented in Tables XIV through XIX.

Storage atmosphere was the most significant factor in deterioration of quality

attributes of precooked, free&e-dehydrated carrots. The oxidative effect

increased with content of oxygen in the headepace of the storage container.

Regardless of moisture content. carrots stored in 20% oxygen atmospheres

exhibited marked loss of carotene and development of undesirable flavor and

aroma at the first evaluation of the test samples. Among the stored samples,

the ox•dative deterioration incident to storcge under c 2% oxygen headspace

atmosphere was not significan!. Oxygen labile compounds such as carotene are



Pap 76

relatively stable if contact with molecular oxygen is limited during packag-

ing operations and oxygen content of the storage vessel is severely restrict-

ed. However, deteriorative reactions do occur and, for procurement purposes,

it appears desirable to document the relative effect of exposure to atmos-

pheric oxygen during packaging operations and of storage under very low

oxygen partial pressures on stability at elevated temperatures.

The fact that storage time was less important to quality attributes during

storage was co-sidered significant and was attributable to the rate of

adsorption of hesdsp,,ce oxygen and consequent deterioration during the

initial storage period. *i-s magnitude of these changes overshadowed the

slight but progressive degradation during the remainder of the storage period.

At no time durLng this investigation were the aroma and flavor of smaples

stcred in 20% oxygen atmospheres judged superior to those of samples stored

• nder lowmx oxygen oncentrations.

P.aistLre did not appear to be an important factor in storage stability.

Faill.re to implicate residual moisture content was evidence of the distinct-

i.e reactions characteristic of the two moisture levels. There is every

Indication that the characteristics ascribed to oxidation and browning

reaction at the higher residual moisture level are just " objectionabla.

over the storage period as those ascribed to pronounced oxidation at the

lower residual moisture. level.

Residual moisture content exerted a slight effect on retention of color.

While the effect was not great enough to be considered significant at the

probability levels used, better color retention by the 4% moisture samples

stored under the lowest oxygen pressure may be of practical significance.
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Residual moisture content did moderate the deteriorative reactions. Some

oxidative reactions are facilitated by drying to low residual moisture levels.

Conversely, browning reaction was observed only in those samples dried to

the higher residual moisture level. :n terms of visual color change con-

current with loss of culor through oxidation of carotene, browning reaction

was not severe. Accordingly, the effect of moisture on flavor varied with

storage time and progress of the specific deteriorative reaction. The effect

of interaction of moisture and time variables was also noted in analysis of

acceptability ratings; however, the effect was not significant at the levels

selected for these analyses.

The relationship between storage atmosphere and progress of browning reaction

could not be determined Jn the absence of chemical analyses.

The structural qualities were also impaired during storage. These changes

were not as serious as those associated with storage of protein foods under

adverse conditions.

Oxygen affected water holding capacity. Samples stored under the lowest

oxygen concentration expressed water more easily under pressure than did

those itored under 4 and 202 oxygen atmospheres. In general, objective

measucements supported subjective judgments. However, the effect of storage

under 20% -tygen atmosphere was confounded by the development of an oily

characteristic. This characteristic was not measured objectively.

The effect of moisture on degree of reconstitution differs with initial

headspace atmosphere. Under the lowest oxygen concentration, the 4% residual

moist.re samples absorbed " greater amount of water. Under higaer o"ygen

concentrations, this effect was reversed. Analysis suggests th,.. this
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moisture was easily expressed under presaure. Water holding capacity appeared

to be similar for samples stored under 27. oxygen atmosphere. In contrast,

under higher oxygen concentrations, samples processed to the 47. residual

moisture level exhibited greater water holding capacity.

The ability to immobilize water varied considerably over the storage period.

Average sensory ratings of Juiciness and texture showed an inverse relationship

to the mount of water expressed under pressure. Relative agreement between

subjective and objective measurements of water holding capacity is indicative

of the merit of applying this technique to well-structured vegetablet such as

carrots. More daca are required to ve-ify the agreement and to determine

benefit of modification of technique.

Terminal Characteristics

Table XX describes product characteristics at the termination of storage.

Characteristics of freeze-dried carrots appear to be similar to those reported

for conventionally dehydrated carrots. Visibly discernible browning occurred

only in samples processed to the higher residual moisture content. These

products were sharacterised by acidic odors and somewhat sweet flavors.

These changes indicated hydrolysis of some fractions of the product. Relative

increase in sweetness might be attributable to conversion of starch or poly-

saccharides during storage. The oily character of the 47, residual moisture

sample stored under 207. oxygen atmosphere indicated the possibility of

hydrolysis of the fatty acid esters to fatty acids and glycerol. No rancid

note was detected. 3owever, glycerol is relatively stable to oxidation. A

sweet taste is also typical of this compound. Mevalonic acid is among the

breakdown products of beta carotene (Braverman, 1963). This compound id

also an oily liquid (The Merck Index, 1960). However, sufficient quantity
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to account for this reaction is improbable. Lack of an oily characteristic

in samples processed co the 2. residual moisture level and stored in 207

oxygen atmosphere which exhibited pronounced carotene oxidation also indicated

that this compound did not account for the oily characteristic.

No browning could be detected in samples dried to the lower residual moisture

level. As indicated, these samples exhibited yellow to orange colors and hay-

lik- odors and flavors on oxidation.

Magnitude of these changes in quality attributes was dependent on headspace

oxygen concentration. Carotene loss in products stored under a 27. oxygen

atmosphere appeared slight.

The variation in reaction characteristics indicates that product dried to

the higher moisture level and stored with little or no exposure to atmospheric

oxygen should not be reconstituted as specified, i.e., with the addition of

sucrose to the rehydration medium.

RECOMNDATIONS

The product can tolexate limited exposure to atmospheric oxygen and storage

under 1.% oxygen atmosphero without evidencing extreme deterioration. Despite

the differences in reactions at the two residual moisture levels, there did

not appear to be any difference between the moisture levels in stability of

product. Consequently, it would be of interest to determine whether a

moisture content midway between those investigated would prove more satis-

factory from the standpoint of stor&,%e stability.
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TABIA I

ASSOK0]ON OF UADS PACE OXYGEN N ML. PKR GRAM

Initial Months of Storage
Residual Keadepace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 0.25 0.46 0.46 0.46 0.46 0.46

4 0.59 0.51 0.89 0.89 0.89 0.89

20 2.54 3.00 3.03 3.23 3.21 2.93

4 2 0.08 0.00 0.10 0.18 0.21 0.21

4 0.24 0.31 0.34 0.18 0.63 0.52

20 1.00 1.73 1.89 1.92 2.02 2.23

Control 0 0 0 0 0 0 0

TAKIE II

CARBON DIOXIDI IN IADSPACE OF STORAG CUTAINER, IL. PER GRAM

Initial Months of Storage
Residual Headepace
moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 0 0 0 0 0 0

4 0 0 0 0 0 0

20 0.38 0.33 0.38 0.51 0.64 0.48

4 2 0.08 0.08 0.21 0.29 0.34 0.24

4 0.16 0.08 0.08 0.21 0.26 0.13

20 0.29 0.50 0.58 0.66 0.89 0.87

Control 0 0 0 0 0 0 0
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WATER £5503350 DURING RECOMISTITUTICU,

MRE DRY WIGIT %PJUMTED FOR RESIDUAL MUST=R ChNT OF Ti LOT

Initial Months of Storage
Residual ileadspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 729 74 715 800 721 704

4 768 742 768 798 732 775

20 754 747 725 781 766 706

4 2 7'8 743 773 -5 812 789

4 711 750 791 726 775 750

20 762 672 689 774 748 771

TAKIZ IV

UNONUND WATER,

PERCENT DRY ZIGHT ADJUSTED FOR RESIDUAL NOISTUK CONTENT OF TI LOT

Initial Months of Storage
Residual Headepace
moisture, Oxygen.
Percent Percent 1 2 3 4 5 6

2 2 547 509 501 603 495 441

4 556 506 523 562 375 499

20 561 532 496 538 429 403

4 2 609 544 525 b46 475 623

4 468 469 444 421 410 412

20 465 320 383 564 496 498



CARLOT ACCEITABILITY
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CARROT TUXTURK
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CARROT JUICINESS

A, 2% Moisture Samples 2

Initial Storage Atmosphere, % Oxygen: 4

20

20

Months of Storage

Correlation/Initial Storage Atmosphere - 2%: .30; 4%: .36; 20%: .25

3. 47. Moisture Stamples

Initial Storage Atmosphere, 7. Oxygen: 2

4

7 20

Months of Storage

Correlation/Initial Storage Atmosphere - 27.: .03; 47.: .21; 20%: .28
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CARROT COL4R

A. 2% Moisture Samples

Initial Storage Atmosphere, % Oxygen: 2

4 0
20

2 ~~ 3 - - L'

Months of Storagc

Correlation/Initial Storage Atmosphere - 2%: .60; 4%: .13; 20%: .42

B. 4% Moisture Smples

Initial Storage Atmosphere, % Oxygen: 2
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ANALYSIS OF VARIANCE: CARROT ACCEPTABILITY

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, M 1 .07562 .07562 .99

Oxygen, 0 2 23.48441 11.74220 153.14

Storage Time, T 5 1.39951 .27990 3.65

HO 2 -43532 .21766 2.84

Mr 5 1.11292 .22258 2.90

OT 10 .53018 .05302 .69

HOT (Error) 10 .76676 .07668

Total 35 27.80472

TABLZ VII

ANALYSIS OF VARIANCE: CARROT AROMA

Sourcs of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, K 1 .08417 .08417 .53

Oxygen, 0 2 21.38764 10.69382 67.88

Storage Time, T 5 4.42472 .88494 5.62

140 2 .24791 .12396 .79

MT 5 1.54000 .30800 1.96

OT 10 1.15736 .11574 .73

HOT (Error) 10 1.57542 .15754

Total 35 30.41722
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ANALYSIS OF VARIANCE: CARROT FLAVOR

Source of Degrees of Sum of Mean Calculated
variation Freedom Squares Square F Ratio

M4oisture, 4 1 .00140 .00140 .01

Oxygen, 0 2 22.61316 11.30658 94.90

Storage Time, T 5 .81633 .16326 1.37

N40 2 .09636 .04818 .40
*

HT 5 2.27496 .45499 3.82

OT I0 1.16705 .11671 ,98

M40T (Error) 10 1.19135 .11914

total 35 28.16061

TABLE IX

ANALYSIS OF VARIANCE: CARROT TEXTUPE

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

*

moisture, M 1 .41174 .41174 '5.13

Oxygen, 0 2 1.04524 .52262 6.51

Storage Time, T 5 1.97785 .39557 4.92

S2 .13920 .06960 .87

I 5 3.01951 .60370 7.52

0", 10 .85226 .08523 1.06

HMO (Error) 10 .80330 .08033

Total 35 8.24910
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ANALYSIS OF VARIANCE: CARROT JUICINESS

Source of Degrees of Sum of Mean Calculated
Variation Fre-dom Squares Square F Ratio

Moisture, M 1 .04694 .04694 3.56

Oxygen, 0 2 .41542 .20771 15.77

Storage Time, T 5 1.57167 .31433 23.87
**k

MO 2 .61500 .30750 23.35

MT 5 .48639 .09727 7.39

OT 10 .52541 .05254 3.99

MOT (Error) 10 .13417 .01317

Total 35 3.79500

TABLE XI

ANALYSIS OF VARIANCE: CARROT COLOR

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, M 1 .93444 .93444 4.19

Oxygen, 0 2 74.00421 37.00210 165.82

Storage Time, T 5 .54139 .10827 .49

MO 2 .91086 .45543 2.04

MT 5 1.96139 .39227 1.76

OT 10 .40975 .04098 .18

MOT tError) 10 2.23143 .22314

Total 35 80.99347
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ANALYSIS OF VARIANCE: WATER ABSORBED DURING RECONSTITUTION,

PERCENT DRY WRIGiHT ADJUSTED FOR RESIDUAL MOISTURE CONM OF THE LOT

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, K 1 .08410 .08410 1.04

Oxygen, 0 2 .28121 .14061 1.73

Storage Time, T 5 .96839 .19368 2.39

MO 2 .83971 .41986 5.17

MT 5 .54137 A073 1-34

OT 10 .85389 .08539 1.05

HOT (Error) 10 .81152 .08115

Total 35 43.38249

TABLE XIII

ANALYSIS OF VARIANCE: UNBOUND WATER,

PERCENT DRY IWIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, K 1 .25671 .25671 .71

Oxygen, 0 2 4.04894 2.02447 5.57

Storage Time, T 5 4.97835 .99567 2.74

NO 2 2.39474 1.19737 3.30

HT 5 2.02516 .40503 1.12

OT 10 1.63823 .16382 .45

MOT (Error) 10 3.63169 .36317

Total 35 18.97382
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CARROT ACCEPTABILITY, MUAN VALUE

FOR THE STUDY

Initial Months of Storage
Pesidual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 4.775 4.650 4.625 4.325 4.425 4.925

2 4 4.225 3.100 4.100 3.825 3.650 3.950

20 2.925 2.500 2.850 3.075 2.425 2.675

2 4.475 4.875 4.625 4.775 3.575 4.275

4 4 4.375 4.450 3.750 4.125 3.700 3.725

20 2.300 2.675 2.525 2.675 1.725 2.750

TABLE XV

CARROT AROVA, MEAN VAL'U

FOR THE STUDY

Initial Months of Storage
Residual iHeadspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 5.300 4.550 4.250 4.200 3.700 5.200

4 4.800 2.700 3.650 4.200 2.800 3.750

20 3.250 2.000 2.700 3.050 2.t50 3.300

4 2 4.800 4.450 4.850 5.100 4.150 4.000

4 4.500 4.000 3.500 4.000 3.900 3.800

20 2.500 2.300 2.650 2.850 2.25C 3.050
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CARROT FLAVOR, MEAN VALUE

FOR THE STUDY

Initial Months of Zrorage

Residual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 3.950 4.600 4.325 4.400 4.900 4.750

4 4.300 2.900 4.100 3.850 3.750 3.650

20 2.650 2.250 2.550 2.700 2.500 2.800

4 2 4.650 4.850 4.550 4.100 3.600 4.600

4 4.500 4.650 3.400 3.950 3.200 3.650

20 2.450 2.800 2.25.3 2.650 1.900 2.950

TABLE XVII

CARROT TEXTURE, MEAN VALUE

FOR THE STUDY

Initial Months of Storage

Residual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 5.850 5.500 5.750 5.800 5.300 4.950

4 5.600 5.400 5.850 5.300 6.250 5.100

20 5.500 4.900 5.250 5.350 5.500 5.350

4 2 5.000 6.150 6.050 5.350 4.650 5.600

4 5.200 6.300 5.650 5.050 5.100 4.900

20 4.350 5.800 5.600 4.650 4.750 4.500



CARROT JUICINESS, MZ&'4 VALLUS

Itntial Months of Storage
Residual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5

2 2 5.500 5.750 5.800 6 0W0 5.350 5.650

4 5.500 5.450 6.150 5.300 5.750 6.200

20 5.500 5.550 5.900 5.300 5.300 6.200

4 2 5.350 6.100 5,950 5 500 5.400 6.100

4 5.500 5.900 5.650 5.550 6.000 5.800

20 4 650 5.850 5.600 5.300 5 250 5.600

,i.,LE. YIX

CA.I.. COL.OR. 'WTh4N VALL.E

FOP. 18S ST'DY

Tnitial Months of Storage
Residual tleadspace
Moisture, Oxygen,
Fc rc cnt Percent 1 2 3

2 5.700 5.550 5.4.00 4 900 5 400 5 300

4 4.400 3.4100 5.025 ,. 550 4.600 4.150

20 2.100 1.750 2.375 1.800 -2.400 2.500

4 2 5.400 5.900 5.600 5.400 5.800 5.600

4 5.700 5.750 4.600 4.650 4.600 5.300

20 2.700 2.550 1.900 2.250 1.500 1.900
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IV. SPIW!,I

There does nct appear to be any published study relating storage envtroiment

of freere-dehydrated spirach to stabil:ttv

RESULIS

9•_7.. A• sor-. on

Table : shous the absorFtion of headspace oxygen bv Frec~oked, freeze-dehydrated

aptnach duzing storage. Va-',ations in the amount of oxygen absorbed by spinach

drieu to the two residual nmoit-are levels and stored under the various atmos-

phe-.es were tested :.tt:¢aiy D-.ferences in the anounts of oxygen absorb-

ed at the two residtl wottu". .evels were not eignifteant. The rate of

oxygen absorption appeared to be julte irregular. U'nder lower oxygen concentr&-

tions, rate cf abrsorr"'on decreAsed w~th storage tir.e. Samples stored in 20,

oxygen atmospheres exhrkited a decrease in rate of absorption as storage

progressed followed by an increased rate of absorption after the fourth month

of storage.

Carbon Dioxide Pro~iuction

Carbon dioxide production during storage of spinach is shown In Tahle :.

In general: carbon dicy'.de production was a terminal re,.ction. However, onset

of productiou appeared to be related to storage atmOi pltere and to residual

moisture level. f'arbon dioxide was detected in each of the various headspatr-

atmospheres of t_ 41 resideal moisture samples. In tontrast, onay the

sampl-es of product dried to the 2% residual moisture lavel and stored under

20% oxygen atmospheres evidenced terminal carbon dirxide prod,,ctioa,

_ehydjatioP Characteristlcs

Meas-.reýment of the extent of rtnsatitution and amount of water expressed

under pressire are shown in !ebles 7:1 and IV. The use of press technique as
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a measure of water holding capacity of leafy vegetables has not been reported.

The validity and reliability of apply'.nS this technique as in adequate measure

of deteriorative changes are questionable. Further, the use of extent of

rekiydration as a measure of che quality of relatively -aall pieces of spinach

i 3 ioubtful; the possibility of entrapment of free water between the pieces

resu-lting in incomplete drainige~ust certainly be considered. This measure

may be more reliable ir, evaluating foods of more discreet particle size.

fj t!_ay Attributes

F:gu ret through 6 show the changes in quality attributes through the storage

peo• 1. I-enerally, the samples processed to the 4% residual moisture level

-h iwed more extensive deterioration in acceptability, aroma, flavor, texture,

id j icineq. during the initial storage period and during the storage study.

•wv-•r, t,'e 42 residual moisture sample stored in 20% oxygen atmospheres

det,._orated *,st rapidly during the first month of storage and did not

follow tbis trend in rate of degradation luring storage. Again, changes in

Azims anm flavor palleled those in acceptability. While changes in texture

and JuLcieews were evident and of a more serious nature than those occurring

in carrots, these changes were not an serious as those in structural proper-

ties uf Vrom4in foods.

S titl4tal Analy us8.

The statistical analyses of sensory judgments and rehydration measuresmnts

are summarised in Table V. Tables VI through XI show the analycis of variance

.f swnaery characteristics Analyses of variance of rehydration measurements

ire shove in Tables KII AMd X11. Tables XIV through XIX show the mean

ratings of sfnsory cbaracteristics during the study.
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as Indicated in Table V, sensory q-slittee of precooked, freeze-dehydratee

spinach were generally affee.ted b-y each of the variables under study.

Deteztorative changes were Lmplimented by increases in residual moisttre

content of the prod..ict, oxygen concent•rtion of the headspace of the storage

container, and length of stor4,ge at elevated temperat.re.

ZMoist%;rc level appeared to reg~laae the rTte ar.± type of reaction. rhe 47.

restd~al moistu-e samples showec' w'i:h :o'e extensive charges in all quality

attr.butes ewcept color ar 'he initial e-ialuation. Sirllar.y, the terminal.

effect of moistare on acctep:akil'hty at:ma flavor, and texture may be attri-

b.ted to onset of reactions resporn.±.•e fot carbon dioxide product..on.

Color changes duting storage were an obvious exception to this general

pattern of degradarton aitho"gh there was an oxidative effect. According to

Braverman's review of chlo-.ophyll ý1963), the disappearance of chlorophyll

is associated with oxidat.4on. Ibis reaction did not appear to be op6rative

in this experiment. However, such reactions are exceiding.y complex and

require chemical documentation. -here are s vetal factors which should be

considered:

(1) Protochlorophyll may act as a hydrogen acceptor and undergo trans-

formation to alpha chlorophyll. Each chlorophyll compound is known

to be characterized by its own absorption spectrum (Siocheaisti'

Handbook).

(2) A colorless phase is common to all chlorophyll contain.ing plants.

Apparently, a certain mount of iron is necessaty in order to

transform the coLorless phase to green chlorophyll (Braverman,

1963).

(3) Irhe enzyme, chlorophyllase, may not be inactivated during the
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cooking operation and may continue to convert chlorophyll into

chlorophyllin. This phenomenon appears to be seasonal. Chloro-

phyllase is practically inactive in the suimmer. However, in the

spring, the enzyme will continue to convert chlorophyll to

chlorophyllin although the vegetable is subjected to a temperature

of approximately 170 0 F for a 20 minute period (Braverman, 1963).

According to Acker (1962), there have been few systematic investi-

gations relating enzyme activity and residual moisture content.

There are indicationa that it may not be possible to establish a

limiting relative humidity for certain enzymic reactions. The

limiting effect of moisture reflects ability to facilitate diffu-

sion of the enzyme and substrate. Iu the case of a fully precooked

product, cell walls offer less resistance to contact of enzyme and

substtate. Accordingly, the possibility of some ensymic activity

exists. This activity might be associated with rehydration. The

extreme viability of enzymes and bacteria in the dehydrated state

Las been noted in studies of gas production by certain rehydrated

foods during tests conducted by Whirlpool Corporation, (Wheaton,

et &l, 1963). Vouever, typical ittensification of color on re-

hydration could alo account for thio.

(4) Green coloring matter was apparent in the rehydration water.

Chlorophyll&as detaches the phytol mowtyfrom chlorophyll, causing

dissolution of green colorinS pigment in water. The removal of

phytol by hydrolys*.s also yields water soluble methyl chloro-

phyllide (Bravermmn, 1963).

(5) The destruction of other, mote labile pigments such as the

carotepoids may account for the seeming improvement in color of

spinach through wtorage.
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(6) The action of even a very weak acid results in removal of magnesium

from the ;hlorophyll molecule resulting in formation of pheopbytin.

In situ, chlorophyll is bound to lipoproteins in a renner w!hich

protects it from ac'd. Feating coag-lates tie proteins ard exposes

chlorophyll to the adverse action of acids. Fac-ors ef cooking

and dehydration being equal, some acid formation is a possible

factor in samples packaged under 20% oxygen atuouphere.

Physical measurements showed that rhe 4% residual moisture samples absorbed

i significantly greater amount of water during reconstitution. This water

was not immobilized and was easily expressed under pressure. Szbjectively,

this moisture created the impression of excessive sogginess and limpness.

rhe immobilization of water by tissue over the storage period was somewhat

at variance with subjective judgment* of structural characteristics although

there was a similarity in trend among the various subjective and objective

measures of structural properties. This variance indicates that use of this

particular method of objective measurement as a precise tool in evaluating

structural qualities of this type of vegetable is doubtful. However, the

similarity in trend suggests that refineumet in technique of sample prepara-

tion, redesign of press equipment, or change in method could improve the

accuracy of measurement.

Both the subjective judgments and bound water measurements indicated that

the effect of residual moisture content on imobilisation of water by the

product varied considersbi.y over the storage period.

table XX details product characteristics at the termination of storage.
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RKCOOMUDATIONS

Adequate storage life for this cosmodity is dependent on dehydration to

the 2% residual moisture level and virtual exclusion of Itmospheric oxygen

during packaging and storage.
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ABSORPTIOt4 OF HEADSPACE O1YGKN$ Ml. PER GRAN

Initial Months of Storage
Residual Storage
Moisture, Atmosphere,
Percent Percent 02 1 2 3 4 5 6

2 2 0.30 0.30 0.54 0.64 0.64 0.64

4 0.51 0.61 0.81 0.81 0.91 0.95

20 -- 1.02 1.66 1.52 3.56 2.81

4 2 0.00 0.28 0.49 0.63 0.46 0.56

4 0.42 0.67 0.84 0.95 0.88 0.98

20 0.91 1.44 1.72 1.86 2.10 2.88

Control 0 0 0 0 0 0 0

TABLE I1

CARBON DIOXIDE IN IEADSPACE OF STORAGE CONTAINER, ML. PER GRAM

Initial Months of Storage
Residual Storage
Moisuure, Atmosphere,
Perctnt Percent 02 1 2 3 4 5 6

2 0 0 0 0 0 0

4 0 0 0 0 0 0

20 0 0 0 0 0.27 0.!

4 2 0 0 0.11 0 0 0.84

4 0 0 0 0 0.28 0.14

20 0 0 0.28 0.14 0.70 0.32

Control 0 0 0 0 0 0 0

I IlL - a -_- - ----
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WATER ABSORBED DLRING RECONSTITUTION,

PERCENT DRY WRIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF TIHE LOT

Initial Months of Storage
Residual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 1320 1118 1049 1141 1021 1110

4 1202 1167 1095 1088 1071 1157

20 1090 1035 966 1119 1033 1112

4 2 1168 1263 1219 1186 1262 1065

4 1191 1233 1236 1372 1184 1359

20 1047 1562 1180 1266 1200 1194

TABLE IV

UNBOUND WATER,

PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Initial Months of Storage
Residual, Headspace
moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 1128 905 837 942 845 904

4 950 899 874 893 885 940

20 886 804 754 917 830 919

4 2 943 1032 1020 982 1051 943

4 1005 1010 1045 1131 974 1166

20 850 1336 930 992 1021 976



SPINACH ACCEPTABILITY

A. 2. Moisture Samples

Initial S 3rage Atmosphere, % Oxygen: 2

2O &040

2

12 4

Months of Storage

Correlation/Initial Storage Atmosphere - 27: .63; 4%: .66; 20%: .54

B. 4% Moisture Samples

Initial Storage Atmosphere, % Oxygen: 2

4Q

20

.54

J

Months of Storage

Correlation/Initial Storage Atmosphere - 2%: .53; 47: .72; 207: .67

I m ,m mm, .. - , • .... - - -
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SPINACH AROMA

A. 2% Moisture Samples

Initial Storage Atmosphere, Oxygen: 2
T 40

20

hi.

,4

Months of Storage

Correlation/Initial Storage Atmosphere - 27: .43; 47: .66; 20%: .25

B. 4. Moisture Samples

Initial Storage Atmosphere, % Oxygen: 2

4G
20 A

4

3

Months of Storage

CorrelatLon/InLtLal Storage Atmosphere - 2%: .85; 4%: .96; 20% .35
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SPINACH FLAVOR

A. 27. Moisture Samples

Initial Storage Atmosphere, 7. Oxygen: 2

40

S

2

Months of Storage

Correlation/Initial Storage Atmosphere - 27.: .62; 47.: .58; 20%.: .59

B. 47. Moisture Samples

Initial Storage Atmosphere, %. Oxygen: 2

20A

Months of Storage

Correlation/Initial Storage Atmosphere - 27.: .51; 4%.: .68; 207. .50
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SPINACH TEXTURE

A. 27. Moisture Samples

Initial Storage Atmosphere, % Oxygen: 2

S4 Q

020

Months of Storage

Correlation/Initial Storage Atmosphere - 2%: .61; 47: .73; 20%: .85

B. 47 Moisture Samples

Initial Storage Atmosphere, 7 Oxygen: 2

40

7 204

4

'I

Months of Storage

Correlation/Initial Storage Atmosphere - 2%4: .19; 4%: .40; 20%: .60
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SPINACH JUICINESS

A. 21 Moisture Samples

Initial Storage Atmosphere, %. Oxygen: 2

40
20~

50

3

Months of Storage

Correlation/Initial Storage Atmosphere - 21: .20; 4%: .57;'20%: .85

B. 41 Moisture Samples

initial Storage Atmosphere, 1Oxygen: 2

40

20,

2. 3 I,

Months of Storage

Correlation/Initial Storage Atmosphere - 21: .62;-4%: .45; 20%.: .62
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SPINACH COLOR

A. 27. Moisture Samples

Znitial Storage Atewesphere, % Oxygen: 2
7 4

4"I2

Months of Storage
Correlation/Initial Sturage Atmosphere - 2.: .80; 47.: .37; 207: .34

B. 47. Moistuye Samples

Initial Storage Atmosphere, 7. Oxygen:

V4

7

a

I.

1. £ .9 • d

Months of S'..;age

Correlation/Initial Storage Atmosphere - 27.: .30; 47.: .29; 207: .33
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ANALYSIS OF VARIANCE: SPINACH ACCEPTABILITY

Source of Degrees of Sum of Mean Calculate
Voriation Freedom Squares Square F Ratio

MoisLture, M 1 3.42250 3.42250 18.50

Oxygen, 0 2 22.99233 11.49616 62.15

Storag8 TVxA, T 5 11.55826 2.31165 12.50

MO 2 .08072 .04036 .22

14T 5 4.43584 .88717 4.80

OT 10 1.35434 .13543 .73

WOT (Error) 10 1.84969 .18497

Total 35 45.69368

TABLE VII

ANALYSIS OF VARIANCE: SPINACH AROMA

Source of Degrees of Sum of Mean Calculate.
Variation Freedom Squares Square F Ratio

Moisture, M 1 1.44000 1.44000 7.39

Oxygen, 0 2 28.81931 14.40966 73.94

Storage Tim, T 5 10.76389 2.15277 11.04

No 2 .07125 .03562 .18

NT 5 5.32500 1.06500 5.46

o0 10 3.0?069 .30707 1.58

NOT (Error) 10 1.94875 .19488

Total 35 51.43889
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ANALYSIS OF VARIANCE: SPINACH FLAVOR

Source of Deg.ees of Sum of Mean Ca&1--c.ated
Variation Freedom Squares Square F RatLo

Mloisture, M 1 1.64695 1.64695 9.18

Oxygen, 0 2 23.44764 11.72382 65.32

Storage Time, T 5 11.77889 2.35577 13.12

140 2 .30430 .15215 .85

wL 5 5.92389 1.h"8477 6.60

OT 10 2.06653 .20665 1.15

NOT (Error) 10 1.79486 .17949

rota& 35 46.96306

TABLE ZX

ANALYSIS OF VARIANCE: SPINACH TEXTURE

Source of Degrees of Sun of Mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, M 1 3.39174 3.39174 58.58

Oxygen, 0 2 2.63181 1.31590 22.73

Storage Time, T 5 2.08701 .41740 7.21*

1o 2 .05180 .02590 .45

MrT 5 1.34368 .26873 4.64

0T 10 1.03736 .A.0374 1.79

:::T (Error) 10 p57903 .05790

total 35 11..12243
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ANALYSIS OF VARIANCE: SPINACH JUICINESS

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, N 1 1.48028 1.48028 16.77

Oxygen, 0 2 1.21722 .63861 6.89

Storage Time, T 5 2.29556 .45911 5.20

No 2 .10722 .05361 .61

Mr 5 .47472 .09494 1.08

OT 10 .65"11 .06561 .74

NOT (Error) 10 .88278 .08828

Total 35 7.11389

TABLE XI

ANALYSIS OF VARIANCE: SPINACH COLOR

Source of Degrees of Stm of Mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, N 1 .00250 .00250 .75

Oxygen, 0 2 .31681 .15841 4.75

Storage Time, T 5 1.57639 .31527 9.44

NO 2 .03791 .01896 .57

MT 5 .91083 .18217 5.46

oT 10 i '.8819 .01882 .56

NOT (Error) 10 .33376 .03338

Total 35 3.36639



TABIZ III Pap 115

ANALYSIS OF VARIANCE: WATER ABSORBED DURING RECONSTITUTION,

PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Surce of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

Moisture, M I 14.6051?. 14.60513 17.94

Oxygen, 0 2 1.4028"- .70141 .86

Storage Time, T 5 4.81955 .96391 1.18

HO 2 1.99551 .99776 1.23

HT 5 9.02559 -80512 2.22

OT 10 7.67476 .76748 .9.1

NOT (Error) 10 8.14092 .81409

Total 35 47.66427

TABLE XIII

ANALYSIS OF VARIANCE: UNBOUND WATER,

PERCENT DRY WEIGHT ADJUSTED FOR 118SIDJAL MOISTURME CONTENT OF THE LOT

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio

moisture, M 1 14.37673 14.37673 17.62

Oxygen, 0 2 1.20605 .60303 .74

Storage Time, T 5 2.93525 .58705 .72

MO 2 1.54681 .77341 .95

MT 5 8.07002 1.61400 1.98

OT 10 7.08542 .70854 .87

MOT (Error) 10 8.15839 .81584

TOTAL 35 4,.37867

invmu= n- - -----.---
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SPINACH ACCIPTABILITY, MIAN VALUE

FOR THE STUDY

Initial Months of Storage
Residual lleadspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 6.275 4.675 4.800 4.725 4.950 4.075

2 4 6.525 3.550 3.125 3.775 4.1CO 3.550

20 3.950 2.925 2.275 3.200 2.750 2,050

2 4.925 5.050 3.82.5 5.100 2.900 3.375

4 4 3.975 3.975 3.250 3.925 3.000 2.675

20 2.525 2.525 2.500 2.700 1.950 2.000

TABLE XV

SPINACH AlOVAO MAN VALUE

FOR THE STUDY

Initial Months ot Storage
Residual Headepace
Moisture: Oxygen.
Percent Percent 1 2 3 4 5 6

2 2 6.550 4.700 4.300 5.050 5.500 4.600

4 6.750 3.450 2.750 3.700 4.400 4.000

20 3.450 2.850 2.200 3.350 2.650 2.550

4 2 5.550 5.3A0 4.600 5.200 3.600 3.250

4 4.600 4.150 4.050 3.900 3.450 2.800

20 2.600 2.550 2.550 3.050 2.100 2.250

'I
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TABLE rVI

SPINACH FLAVOR, MAN VALUE

FOR THE STGIDY

Initial Honths of Storage
Residual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 6.100 4.250 4.,,00 4.650 4.450 4.150

4 6.800 3.400 2.750 3.700 4.500 3.550

20 3.550 2.65-C 2 .150 2.850 2.450 2.050

4 2 4.800 4.850 4.000 5.400 3.150 3.300

4 3.900 3.950 3.300 4.200 2.950 2.450

20 2.550 2.600 2.3W0 3.000 2.000 1.950

TA.KE XVII

SPINACH TKXTaZ, MEAN VALUE

FOR THE STOY

Initial Months of Storage
Residual Headepace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6

2 2 5.000 5.300 5.600 5.300 5.550 5.800

4 6.200 5.200 4.900 5.200 5.550 5.550

20 5.600 5.150 5.000 4.400 4.700 5.150

4 2 5.500 5.300 4.300 5.700 5.000 4.500

4 5.100 4.650 4.250 5.200 4.900 4.600

20 4.900 4.300 4.350 4.450 3.700 4.200



TABLE XVIII

SPIOACH JUICIISS, MEAN VALUE

FOR THI STUDY

Initial Months of Storage
Residual Headspace
Moisture, Oxygen,
.?ercent Percent 1 2 36

2 2 6.100 5.700 6.150 5.700 5.700 6.000

6.100 5.200 5.650 5.500 5.U00 6.000

20 5.900 5.700 5.250 5.200 4.950 5.45"

4 2 6.050 5.250 4.600 5.500 5.050 5.700

4 5.850 5.050 4.750 5.450 5.750 5.60C

20 5.450 4.700 5.100 4.600 4.700 5.400

TABLE XIX

SPINWCH COLOR, NW VAILE

FOR TiH STUDY

initial Months of Storage
Residual leadapace
Moisture, Oxygen
Percent Percent 1 2 3 4 5 6

2 2 5.850 5.600 5.800 6.000 6.100 6.200

4 6.000 5.500 5.400 5.850 6.100 5.900

20 5.800 5.700 5.500 5.600 5.800 5.300

4 2 5.900 5.350 5.900 6.000 5.650 6.200

4 5.900 5.050 5.800 6.000 .,.750 6.100

20 5.900 4.850 5.800 5.800 5.550 6.200

*1
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APPENDIX

Panel Selection

¶•gimenta of aroma, flavor, textu;re, juiciness, and color are necessarily

s,.-bjective. However, adherence to certain recognized procedures can

assure accurate and reliable evaluations (Boggs and Hansun, 1949).

As a preliminary step, personnel were contacted to ascertain willinZ-ness

to participate in such a program if selected. Motivation was therefore a

basic consideration. Ore hundred and three of 112 individuals contacted

responded aff±rmatively.

From chis group, fifty candidates were selected for acuity tests using

Lnterview screening technique. Selection criteria included availability

frcm the staidpoint of both generai health and frequency of travel, the

extent of food prejudice, and the ability to communicate effectively and

sp,3ntdaneously.

Tests were then conducted to select those individuals most capable of

discernirg differences in food qualities. Originally, it was intended that

a two-phaes acuity screening technique be employed. The first phase was to

establish sensitivity to the four basic tests: sour, bitter, sweet, and salty.

And the second phase was concerned with sensitivity to differences in the

complex foods under study in this investigation.

Primary Lasts teats were conducted using chemically pure solutions of sodium

chloride, lactic acid, caffeine, and sucrose prepared according to the

procedures detailed by Krum (1955). The twenty-tour individuals who found

the two blank seriex flavorlesm and characterized the four test series

appropriately within a range of t 1 standard deviation of the mean were
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selected for furtr.i.r screening.

The second series of tests were conducted using commercaelly processed

pre-cooked, freeze-dehydrated beef cubes, diced breast of chicken, d1ced

c.rrots, and leaf spinach. These products were representative of the best

quality available commercially, since variabilitv cf scores is greater on

low than on high q'.al~lty mateti#.. Representa'=vE portons of these

commodities were aubjectad to a&celerated storage condAtions to induce

deterioration. ieat and po.try products were exposed t- azmospheric

oxygen in an incubnto= operating at 1-3F; vege:abc1s were exposed to

atmospheric oxygen and light to promote rapid color changes as well. With-

drawa& of product from acceCerated storage at intervals produced a series

of graded difficulty. Thus a realLstic test situation requiring disc~imina-

tion and judgment similar to those an:icipated in the actual satdy was

;ised.

This second series of tests also served a number of other purposes:

1. To familiarise candidates *4th characteristics of freeze-dehydrated

foods which in sme cases are not closely aligned with those of freshly

prepared fresh, frozen, or canned products customarily consumed.

2. To acquaint candidatos with the specific characteristics whizh might

evolve during the actujal study, since it is difficult to detect off-

odcrs or flAvors where no standard exists for comparison.

3. To acquaint candidates with specified evaluation procedures.

4. To ;rovide. for adaptatl.on to the rtsting of foods In an atypical manner;

i.e., wtohut the usual seasonings, butter, sauces, or gravies.



Page 114

5. To familiarize the candidate vith the system and technique of scoring

in order to reduce the effect of this learning experience on initial

tests in the actual study. The scoring form is shown in Attachment I.

Product preparation and service were essentially the same as those outlined

in Procedures: Sensory Evaluations. Products held under nitrogen in the

shipping containers and stored at -10 0 F were used as the warm-up samples and

as identIf ed and blind. cont ro ls-in *11. c 8ass-.

The secondary screening test data did not permit selection of an adequate

numer of taste panelists. The flavor of some food products is due to a

complex mixture of odor, tastes, and mouth sensations. Thus the predominate

flavors of foods in the study did not appear to be readily characterized by

the primary tastes.

In view of this, additional members of the original group of fifty candidates,

i.e., those not selected from analyses of primary taste test data, were also

screened for sensitivity to complex food flavor differences. The total number

of candidates tested for acuity to differences in a giveu coemodity varied

from 40 to 45, dependip; on the comodity.

Only those product evaluation series in which the unknown or test samples were

correctly judged in predetermined relationship to the identified reference

sample and in which little or no difference was indicated between identical

control samples were subjected to statistical analyses. The regression line

and control limits were calculated for each coiodity. Candidates with scores

falling within l.5s were selected as panelists for the vegetables. The

regression line . 2s was used to select panelists for beef and chicken.
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DATE Pase 126

DIFFERENCE SAMPLE J SAMPLE F SAMPLE H SAMPLE

Non 0 0 0

0.5 0.5 0.5 0.5-

Very Slight 1 , 1

1,5 1.5 1.5 1 5 .5....-..

Slight 2 2 2 -4 -

2.5 2.5 2 5 2 . 5  j-
Moderate 3 3 3

3.5 -- -- 3.5 -- -- 3.5 --- •3.5

Large 4/ 4 4 4

4.5 -. 4.5 4.5 4.5

Extremely Large - 5 5 5---

The Quality of
the Test Sample is:

Inferior to G
Squal to G
Superior to G

Cowne.ats'

Differences are
Based on:

1. Aroma
2. Flavor

3. Texture

4. Juiciness
5. Color(Vegetables)

The Qualitty of Sample G is: Standard Sample Comments:
(Circle One)

Excellent
Good
Fair
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